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1 0 THE 


READER 


OME of the Principal Diſ- 
coveries and Enquiries, both 
in Pp cal and Mathematical Lear- 
ning, being regiſter” d in the Volu- 
minous Journals of the Royal So- 
ciety, are amongſt a multitude of 
leſs uſeful Matters, ſo Obſcurely 
hid, that but very few inquiſitive 
Gentlemen ever ſo much as heard 
of them. | 
The Deſign therefore of the en- 
ſuing Collection, is to digeſt in a con- 
venient Method all the moſt curious 
Philo ſe ophiral and A athematical Dic. 
coveries, as they are to be met with, 
which may any way tend to the 


Uſe of Life, or Advancement of 


Arts and Sciences. 
A 2 And 


T he Preface. 
And on this Occaſion, it will be 
convenient to intimate to the Rea. 
der ; | 3 
Firſt, That the Theories and 
Diſcourſes here collected, have al- 
ready paſt the Cenſure of the Lear- 
ned World : Who have acknow- 
leg' d them the moſt ſatisfactory 
Accounts of Nature's Proceedings, 


- Wherein ſome of her greateſt 


Depths are fathom'd, and a Foun- 
dation Jaid for Poſterity to build 
an infinite Super ſtructure. 

_ Secondly, That they are related 
Verbatim) juſt as they weredelive- 
red in, or read before the Royal 
Society : For it has been the Opi- 
nion of the moſt Judicious amongſt 
thoſe Honourable Members, that it 
is impoſſible ſo to abridge them, 
(which are but Abridgments them. 
elves) as not to render them ob- 
ſcure and unintelligible. 
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Miſcellanea Curioſa. 


An Eſtimate of the Quantity of Va- 
pours raiſed out of the Sea, derived 
from Experiment: Together wth 


- 


an Account of the Circulation of the \ 


wati'y Yapours of the Sea, and of 
the Cauſe of Springs,preſented to the 
Royal Society, | 


By Mr. E. Halley, F. R. S. 


HAT the Quantity of Aqueous Va- 

pours contain'd in the Medium of the 

Air, is very conſiderable, ſeems moſt 
: evident from the great Rains and 
Snows which are ſometimes obſerv'd to fall, to 
that degree, that the Water thus diſcharg'd 
out of the Interſtices of the Particles of Air, is 
in weight a very ſenſible part of the incum- 
bent Atmoſphere : But in what proportion 
theſe Vapours riſe, which are the Sources not 
only of Rains, but alſo of Springs or Fountains 
(as I deſign to prove) has not, that I know of, 
been any where well examin'd, tho' it ſeem to 


be one of the moſt neceſſary Ingredients of a 


Real and Philoſophical Meteorology, and. as 
ſuch to deſerve the Conſideration of this Ho- 
nourable 
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nourable Society. I thought it might not be 
unacceptable to attempt by Experiment to de- 
, termine the Quantity of the Evaporations of 
Water, as far as they ariſe from Heat, which 
upon Trial ſucceeded as follows. , 

We took a Pan of Water, about 4 Inches 
deep, and 7 Inches 2% Diameter, in which we 
placed a Thermometer, and by means of a Pan 
of Coals, we brought the Water to the ſame 
degree. of Heat, which is obſerved to be that 
of the Air in our hotteſt Summer ; the Ther- 
mometer nicely ſhewing, it: This done, we af- 
fixed the Pan of Water, with the Thermome- 
ter in it, to one end of the Beam of a Pair of 
Scales, and exactly counterpois'd.it with weights 
in the other Scale ; and by the application or 
removal of the Pan of Coals, we found it very 
eaſie to maintain the Water in the ſame degree 
of Heat preciſely. Doing thus we found the 
weight of the Water ſenſibly to decreaſe ; and 
at the end of two hours we obſerved that there 
wanted half an ounce Troy, all but 7 grains, or 
233 grains of Water, which in that time had 
gone off in Vapour®; tho” one could hardly per- 
ceive it ſmoke, and the Water were not ſenſi- 
bly warm. This Quantity in ſo ſhort a time 
ſeemed very conſiderable, being little leſs than 6 
ounces in 24 hours, from ſo ſmall a Surface as 
a Circle of 8 Inches Diameter. To reduce this 
Experiment to an exact Calculus, and deter- 
mine the thickneſs of the Skin of Water that 
had fo evaporated, I aſſume the Experiment al- 
ledged by Dr. Edward Bernard to have been made 
in the Oxford Society, viz. That the Cube: foot 
Engliſh of Water weighs exactiy 76 Pounds 
Trey; this divided by 1728, the number of 
Inches in a Foot, will give 2533 grains or ; 

ounce 
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Miſcellanea Curioſa. 3 
ounce 133 grains for the weight of a Cube- inch 
of Water; wherefore the weight of 233 grains is 
23? or 35 Parts of 38 of a Cube-inch of Water. 
Now the Area of the Circle whoſe Diameter is 
7? , Inches, is 49 ſquare Inches; by which divi- 
ding the Quantity of Water evaporated, vis. 
35 of an Inch, the Quote 36. or j; ſhews that 
the thickneſs of the Water evaporated was the 
53d part of an Inch; but we will ſuppoſe it only 
the 6oth' part, for the Facility of Calculation. 
If therefore Water as warm as the Air in Sum- 
mer; exhales the thickneſs of a 6oth part of an 
Inch in two hours from its whole Surface, in 12 
hours it will exhale the “ of an Inch; which 
Quantity will be found abundantly ſufficient to 
ſerve for all the Rains, Springs, and Dews; and 
acount for the Caſpian Sea, being always at a ſtand, 
neither waſting nor overflowing; as likewiſe for 
the Current ſaid to ſet always in at the Streights 
of Gibralter, tho” thoſe Mediterranean Seas re- 
ceive ſo many and ſo conſiderable Rivers. | 

To eſtimate the Quantity of Water ariſing 
in Vapours out of the Sea, I think I ought to 
conſider it only for the time the Sun is up, for 
that the Dews return in the night, as much if not 
more Vapours than are then emitted; and in 
Summer the Days being longer than 12 hours, 
this Exceſs is ballanced by the weaker Action 
of the Sun, eſpecially when riſing before the 
Water be warmed : So that if I allow & of an 
Inch of the Surface of the Sea, to be raiſed per 
diem in Vapours, it may not be an improbable 
Conjecture. | | 5 

Upon this Suppoſition, every io ſquare Inches 
of the Surface of the Water, yields in Vapovr 
per diem a Cube-inch of Water; and each ſquare 
Foot half a Wine-pint ; every Space of 4 Foot 

B 2 | {quare 
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ſquare, a Gallon ; a Mile ſquare, 6914 Tons; 
a ſquare Degree ſuppoſe of 69 Engliſh Miles, 
will evaporate 33 Millions of Tons : And if the 
Mediterranean be eſtimated at forty degrees 


long and four: broad, allowances being made- 


for the Places where it is broader, by thoſe 
where it is narrower (and I am ſure I gueſs 
at the leaſt) there will be 160 Square de- 
grees of Sea; and conſequently, the whole 
Mediterranean muſt loſe in Vapour, in a Sum- 
mer's day, at leaſt 5280 Millions of Tons. And 
this Quantity of Vapour, tho? very great, is as 
little as can be concluded, from the Experiment 
produced: And yet there remainsanother Cauſe, 
which cannot be reduced to Rule, I mean the 
Winds, whereby the Surface of the Water is 
lickedup ſome times faſter than it exhales by the 
heat of the Sun; as is well known to thoſe that 
have eonſidered thoſe drying Winds which blow 
ſometimes. 

To eſtimate the Quantity of Water, the Me- 
diterranean Sea receives from the Rivers that 
fall into it; is a very hard Task, unleſs one had 
the Opportunity to meaſure their Chanels and 
Velocity; and therefore we can only do it by 
allowing more than enough; that is, by aſſu- 
ming theſe Rivers greater than in all probabi- 
lity they be, and then comparing the Quantity 
of Water voided by the Thames, with that of 


thoſe Rivers whoſe Waters we deſire to com- 


ute. | 
a The Mediterranean receives theſe conſidera- 
ble Rivers; the Iberus, the Rhone, the Tiber, 
the Po, the Danube, the Neiſter, the Boryſtenes, 
the Tanais, and the Nile all the reſt being of 
no great Note, and their Quantity of Water 
igconſiderable: Theſe nine Rivers, we will 
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Miſcellanea Curiſa. 
ſuppoſe each of them to bring down ten times 
as much Water as the River Thames; not that 
any of them is ſo great in reality, but to com- 
prehend with them all the ſmall Rivulets that 
fall into the Sea, which otherwiſe I know not 
how to allow for. 8 
Io calculate the Water of the Thames, I aſ- 
ſume that at Kingſton Bridge where the Flood 
never reaches, and the Water always runs down, 
the breadth of the Chanel is 100 Yards, and 
its Depth 3, it being reduced to an Equality 
(in both which Suppoſitions. I am ſure I take 
with the moſt) hence the Profil of the Water 
in this Place is 300 ſquare Yards: This multi- 
plied by 48 Miles (which I allow the Water to 
run in 24 hours, at 2 Miles an hour) or 84480 
Yards, gives 25344000 Cubick-yards of Water 
to be evacuated every day ; that is, 20300000 


Tons per diem; and I doubt not, but in the ex- 


ceſs of my Meaſures of the Chanel of the 
River, I have made more than ſufficient al- 
lowance for the Waters of the Brent, the 
Wandel, the Lea, and Darwent, which are all 
worth notice, that fall into the,Thames below 


Kingſton. 


Now if each of the aforeſaid 9 Riv ET vield 10 6 


times as much Water as the Thames doth, *twill 


follow that each of them yields but 203 Milli- 
ons of Ton 5 diem, and the Whole 9 but 1827 
Million of Tons in a day; which is but 
little more than 3. of what is proved to be 
raiſed in Vapour out of the Mediterranean in 
12 hours time. Now what becomes of this 
Vapour when rais'd, and how it comes to. paſs 
that the Current always ſets in at the Mouth, 
of the Streights of Gibralter, ſhall immediarely 
be ſhew'd : But firſt it * neceſſary to _ 
r tiſe 
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tiſe the Reader, that in making the Experi- 
ment herein mention'd, the Water uſed : had 
been ſalted to the ſame degree as is the com- 
mon Sea-water, by the Solution of about a goth 
part of Salt. or | - 


| Aving thus ſhew'd by Experiment the Quan- 

tity of Water raiſed in Vapour from the 
Surface the Sed in a Days time, which was ſo far 
approved of by ſome Hanaurable Members of 
this Society, that I received their Commands to 
proſecute theſe F.nquiries ; and particularly, in 
relation to the Method uſed by, Nature, to re- 


turn the ſaid Vapours again into the Sea; which 


is ſo juſtly performed, that iu many hundred 
of Years we are ſufficiently aſſured that the Sea 
has not ſenſibly decreaſed by the loſs in Vapour:;z 
nor yet abounded by the immenſe Quantity of 
freſh it receives continually from the Rivers. 
To demonſtrate this Equilibre of Receipt and 
Expence in the whole Sea is a Task too hard 
for me to undertake, yet in obedience to thoſe 
whom 1 have the Honour to ſerve, I ſhall here 
offer, what to me has hitherto an Perera: 


_ NtisfaQory x of this grand P ec 
J have in angther place attempted £6 explain = 
the manner of the ov Is 79 7 by Warmth, 
by ſhewing,, that it an Atem of Water were 
expanded into a hell or Bubble, ſo as. to be 
ten times as big in Diameter as when it eas 
Water; ſuch al Atom would become” Thecifi- 
cally lichter than Air, and HER, hops as that 
Hats or Warn ; No 1. Feparatel it 


| i t 7 N . ( of 
from the Maſs, of Water, Thall continue to di- 
ſtend it to the ſame Degree; and that warmth 
declining, and the Alx growing cooler, and gyith 
alſo ſpecificaBy lighter , thg YO ng 
e a e 
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Juently ſhall ſtop at a certain Region of the 
ir, or elſe deſcend, which may happen upon 
ſeveral accounts, as I ſhall by and by endea- 
vour to make out; yet I undertake not that 
this is the only principal of the riſe of Vapours, 
and that there may not be a certain ſort of 
Matter whoſe Conatus may be contrary to that 
of Gravity; as is evident in Vegitation, where- 
in the Tendency of the Sprouts 1s. directly up- 
wards, or againſt the Perpendicular. But what- 
ever is the true Cauſe, it is in Fact certain, that 
warmth does ſeparate the Particles of Water, 
and emit them with a greater and greater Ve- 
lecity, as the heat is more and more intenſe; 
as is evident in the Steam of a. boiling Caul- 
dron, wherein likewiſe the Velocity of the aſ- 
cent of the Vapours does viſibly decreaſe till they : - 
diſappear, being diſperſed into and aſſimulated 
with the Ambient Air. Vapours being thus 
raifed by warmth, let us for a firſt Suppoſition +, 
put, that the whole Surface of the Glohe were 
all Water very deep, or rather that the whole 
Body of the Earth were Water, and that the 

Sun had his diurnal courſe about it: I take it, 

that it would: follow, that the Air of it ſelf 

would imbibe;a certain Quantity of aqueous Va- 

Pors, and retain them like Salts diſſolved in 
Water; that the Sun warming the Air, and 

raiſing a more plentiful Vapour from the Water 
in the days time, the Air would ſuſtain a greater 
proportion of Vapour, as warm Water will hold 

more diſſolved Salts, which upon the abſence of 
the Sun in the; Nights would be all again diſ- 
charg d in Dews, analogous: to the Precipita- 
tion of Salts on the cooling of the Liquors; nor 
is it to be | believed that in ſuch, Caſe there 
would be any diverſity of Weather, other than 
197 B 4. periodically, 
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rica, the An Apalate an 
each of which far ſurpaſs the uſual height to 
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periodically, every Vear alike; the mixture of 
all terreſtrious, ſaline, heterogenious Vapours 


being taken away, which as they are variouſly 
compounded and brought by the Winds, ſeem 


to be the Cauſes of thoſe various Seaſons which 


we'now find. In this caſe the Aiery Regions 
every where, at the ſame height, would be e- 
qually repleniſhed with the Proportion of Water 
it could contain, regard being only to be had 
to the different degree of warmth, from the 
nearneſs or diſtance of the Sun; and an eternal 
Eaſt-wind would blow all round the Globe, in- 
clining only to the ſame ſide of the £23, as the 
Latitude doth from the Equator; as is obſerved 
in the Ocean between the Tropicks. 
Next let us 7 this Ocean luterſperſed 
with wide and ſpacious. Tracts of Land, with 
high Ridges of Mountains, ſuth as the Pyrenean, 
the Alps, the Apennine, the Carpathian in Europe, 
Taurus Caucaſus Imaus, and ſeveral others in 
Aſia; Atlas and the Montes Lame, with other 
unknown Rhidges in Africa, whence came the 
Nile, the Nigre, and the Zaire: And in Ame- 
es and the Apalatean Mountains; 


which the Aqueous Vapours of themſelves aſcend, 
and on the tops of which the Air is ſo cold and 

arified; as to retain but a ſmall part of thoſe 
Vapour: that ſhall be brought thither by Winds. 
Thoſe Vapours therefore that are raiſed copiouſly 
in the Sea, and by the Wind, are carried over 
the low Land to thoſe Ridges of Mountains, 


are there compelled by the Stream of the Air 


to mount up with it to the tops of the Moun- 
tains, where the Water preſently precipitates, 
uf val down by the Crannies of the Stone; 
and part of the Vapour entering into the Ca- 
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yerns of the Hills, the Water thereof gathers 
as in an Alembick into the Baſons of Stone it 
finds; which being once fill'd, all the overplus 
of Water that comes thither runs over by the 
loweſt place, and breaking out by the ſides of 
the Hills, forms ſingle Springs. Many of theſe 
running down by the Valleys or Guts between 
the ridges of the Hills, and coming to unite 
form little Rivulets, or Brooks: many of theſe 
again, meeting in one common Valley and gain- 
ing the plain Ground, being grown leſs rapid be- 
come a River: and many of theſe being united 
in one common Channel, make ſuch Streams as 
the Rhine, the Rhone, the Danube, which latter, 
one would hardly think the Collection of Wa- 


ter condenſed out of Vapour, unleſs we conſi- 
der how vaſt a Tract of Ground that River 


drains, and that it is the Sum of all thoſe Springs 
which break out on the South fide of the Carpa- 


thian Mountains, and on the North fide of the 
immenſe Ridge of the Alps, which is one conti- | 
nued Chain of Mountains from Switzerland, to 


the Black-Sea. And it may almoſt paſs for a 


Rule, that the magnitude of a River, or the 
quantity of Water it evacuates, is proportiona- 


Co | 


ble to the length and height of the Ridges from 


whence its Fountains ariſe. Now this Theory 


of Springs is not a bare Hypotheſis, but founded 
fon Experience, which 1 is my luck to gain 


tu my abode at St. Helena, where in the Night 
ime, on the tops of the Hills, about 800 Yards 


above the Sea, there was ſo ſtrange a conden- 


ation, or rather precipitation of the Vapours, 


that it was a great Impediment to my Celeſtial 


- Obſervations; for in the clear Sky, the Dew 


would fall ſo faſt, as to cover each half quarter 


of an Hour, my Glaſſes with little drops, ſo 


that 
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that it I was neceſſitated to wipe them ſo often, 
and my Paper on which I wrote my Obſerva- 
tions would immediately be ſo wet with Dew, 
that it would not bear Ink: By which it may be 
ſuppos'd how faſt the Water gathers in thoſe 
mighty high Ridges I but now nam dd. 
Thus is one part of the Vapours blown upon 
the Land return'd by the Rivers into the Sea, 
from whence they came; another part by the 
cool of the Night falls in Dews, or elſe in Rains, 
again into the Sea before it reaches the Land, 
which is by much: the greateſt part of the whole 
Vapours, hecauſe of the great extent of the O- 
cean, which the motion of the Winds does not 
traverſe in a very long ſpace of Time; and this 
is the Reaſon why the Rivers do not return ſo 
much into the Aediterramean, as is extracted in- 
to Vapour. A third part falls on the Low- 
Lands, and is the Pabulum of Plants, where: yet 
it does not reſt, but is again exhaled in Vapour 
by the action of the Sun, and is either carried 
by the Winds to the Sea to fall in Rain or Dew 
there, or elſe to the Mountains to be there 
turn d into Springs; and tho' this does not im- 
mediately come to paſs, yet after ſeveral Vicif- 
itudes of xiling iu Vapour, and falling in Rain 
or Dews, each Particle of the Water is at 
length return'd to the Sea from whence it came. 
Add to this, that the Rain- waters after the Earth 
is fully ſated with moiſture, does, by the Vallies 
or lower parts of the Earth, find its way into 
the Rivers, and ſo is compendiouſly ſent back 
to the Sea. After this manner is the Circula- 
tion perform'd, and I doubt not but this Hypo- 
theſis is mare reaſonable; than that of thoſe who 
derive all Springs from the Rain- waters, which 
jet are perpetual and without diminution, —— 
214 Wnen 
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„ when no Rain falls for a long, ſpace of time; or 
- that derive them from a Filtration or Pecola- 
„tion of the Sea-waters, tho' certain imaginary 
e TLuubes or Paſſages within the Earth wherein 
& = they loſe their Saltneſs. This, beſides many 


= others, labouring under this principal Abſur- 
n dity, that the greateſt Rivers have their moſt 
„ copious Fountains fartheſt from the Sea, and 
e FX whether ſo great quantities of freſh Water can- 
not reaſonably be deriv'd any other way than 
in Vapour. This, if we may allow final Cauſes, 
ſeems to be the deſign of the Hills that their 
Ridges being plac'd thro” the midſt of the Con- 
tinents, might ſerve, as it were, for Alem- 
bicks to diſtil freſh Water for the uſe of Man 
and Beaſt, and their heights to give a deſcent 
to thoſe Streams to run gently, like ſo many 
Veins of the Macrocoſm to be the more benifi- 
cial to the Creation. If the difference be- 
tween Rain and Dew, and the cauſe why ſome- 
times *tis Cloudy, at other times Serene, be 
inquir'd, I can offer nothing like a proper So- 
lution thereof, only with ſubmiſſion to propoſe 
Conjectures, which are the beſt I can find, viz. 
That the Air being heaped up by the meeting 
of two contrary Winds, when the Mercury is 
high, the Vapours are the better ſuſtain'd and 
kept from Co-agulating or Condenſing into 
Drops, whereby Clouds are not ſo eaſily gene- 
rated; and in the Night the Vapours fall down 
lingle, as they aroſe in imperceptible Atoms 
of Water: Whereas, when the Mercury is low 
and the Air rarified by the Exhauſtion there- 
of,. by two contrary Winds blowing from the 
place; the Atoms of Air keep the Vapours 
not ſo well ſeparated, and they Coaleſce into 
viſible Drops in the Clouds, and from thence 
are 
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are eaſily drawn into greater Drops of Rain; 
to which 'tis poſſible and not improbable, 
that ſome ſort of Saline or Angular Parti- 
cles of Terreſtrial Vapour being immix'd 
with the —— which I take to be Bub- 
bles, may cut or break their Skins or Coats, 


c 


and ſo contribute to their more ſpeedy Con- 
denſation into Rain. 1 


'e 
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The True T heory of the Tides , 
extracted from that admired Trea- 
tiſe of Mr. Iſaac Newton, Inti- 
tituled , Philoſophiæ Naturalis 
Principia Mathematica; Seing a 
. Diſcourſe preſented with that 
Book to the late King James, by 
Mr. Edmund Halley. 


I. may, perhaps, ſeem ſtrange, that this Paper, be- 
; 


ing no other t han a partile Account of a Book long 
ace publiſhed, ſhould now appear here; but the De- 

ſire of ſeveral honourable Perſons, which could not be 
withſtood have obliged us to inſert it here. for the ſake 
of ſuch, who being leſs kyowing in Mathematical Mat- 
ters, and therefore not daring to adventure on the 
Author himſelf, are notwithſtanding, very curious 
to be informed of the Cauſes of Things; particularly 
of ſo general and extraordinary Phenomena, as 
are thoſe of the Tides, Nom this Paper having been 


drawn up for the late King James's Uſe, (in whoſe 


Reign the Book was publiſhed.) and having given good 
Satisfattion to tht that got Copies of 2 > it ia 


ed the Savans of the higher Form will indulge us 


this Liberty we tale to gratifie their Inferiours in 
point of Science; and not be offended, that we here 
inſiſt more largely upon Mr. Newton's Theory of 
the Tides, which, how plain and eaſie ſoever we 
find, is very little underſtood by the common Rea- 


der. 
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E ſole Principle upon which this Author 
proceeds to explain moſt of the great and 


ſurprizing Appearances, of. Nature, is no other 
then that of Gravity, whereby in the Earthall Bo- 
dies have a fendency towards its Centre; as is 
molt evident: and from undoubted Arguments 
its proved, that there is ſuch a Gravitation to- 


'- wards the Centre of the Sun, Moon, and all the 


Planets. $41 » | 

From this Principle, as a neceſſary Conſe- 

nence, follows the. Sphzrical Figure of the 

arth and Sea, and of all the other Cæleſtial 
Bodies: and tho?-the tenacity and firmneſs of 
the Solid Parts, ſupport the Inequalities of the 
Land above the Level; yet the Fluids, preſſing 
equally.and eafily yielding to each other, ſoon 
reſtore the «/fquilibriam, if diſturbed, and main- 
rajn the exact Figure of the Globe. 

No this force of Deſcent of Bodies towards 
the Center, is not in all places alike, but is ſtil] 
leſs and leſs, as thediſtance from the Center en- 
creaſes: and in this Book it is demonſtrated, 
that this Force decreaſes as the Square of the 


* diſtance increaſes; that is, the weight of Bo- 


dies and the force of their Fali is leſs, in parts 
more removed from the Center, in the propor- 


tion of the Squares of the Diſtance. So as for 


Example, a Ton weight on the Surface of the 
Earth, if it were raiſed to the height of 4000 
Miles, which I ſuppoſe the Semidiameter of the 


Earth, would weigh but 3 of a Ton, or 5 Hun- 


dred oh wet If to 12000 Miles, or 3 Semidi- 
ameters from the Surface, that is 4 from the 
Center, it would weigh but +; part of the 
Weight on the Snrface, or a Hundred and 


Quarter: So that it would be as eaſie for the 
priate Strength 
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strength of a Man at that height to carry a Ton 
weight, as here on the Surface a 1004. And 
in the ſame Proportion does the Velocities of 
the fall of Bodies decreaſe: For whereas on the 
Surface of the Earth all things fall 16 Foot in 
a ſecond, at one Semidiameter above, this fall 
is but four Foot ; and at three Semidia- 


meters, or four from the Centre, it is but 
of the Fall at the Surface, or but one Foot in a 


ſecond : And at greater Diſtances both Weight 
and Fall become very ſmall, but yet at all given 
Diſtances is ſtill ſome thing, tho the Effect be- 
come inſenſible. At the diſtance of the Moon 
(which I will ſuppoſe 60 Semidiameters of the 
the Earth) 3600 Pounds weigh but one Pound, 
and the fall of Bodies is but 3:60 0 of a Foot in 
a ſecond, or 16 Foot in a Minute; that is, a 
Body ſo far off deſcends in a Minute no more 
than the ſame at the Surface of the Earth would 
do in a Second of Time. 3 

As was ſaid before, the ſame force decreaſing 
after the ſame manner is evidently found in the 
Sun, Moon, and all the Planets ; but more eſ- 
eee, in the Sun, whoſe Force is prodigious; 

ecoming ſenſible even in the immenſe diſtance 
of Saturn : This gives room to ſuſpect, that the 
force of Gravity is in the Cœleſtial Globes pro- 
portional to the quantity of Matter in each of 
them: And the Sun being at leaſt ten Thouſand 
times as big as the Earth, its Gravitation or at- 
tracting Force, is found to be at leaſt ten 
Thouſand times as much as that of the Earth, 
acting on Bodies at the ſame diſtance. 

This Law of the decreaſe of Gravity being 
demonſtratively proved, and put paſt contra- 
diction; the Author with great Sagacity, in- 
quires into the neceſſary Conſequences of — 

: up- 
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Suppoſition ; whereby he finds the genuine 
[Cauſe of the ſeveral Appearances in the Theo- 
ry of the Moon and Planets, and diſcovers the 
hitherto unknown Laws of the Motion of Co- 
meets, and of the Ebbing and flowing of the Sea. 
Each of which are Subjects that have hitherto 

taken up much larger Volumes; but Truth be- 

ing uniform, and always the ſame, it is admir- 
able to obſerve how eaſily we are enabled to 
make out very abſtruſe and difficult Matters,when 
once true and genuine Principles are obtained : 

And on the other hand it may be wondred, 
that, notwithſtanding the great facility oftruth, 
and the perplexity and nonconſequences that al- 
ways attend erroneous Suppolitions, theſe great 
Diſcoveries ſhould have eſcaped the acute Diſ- 
quiſitions of the beſt Philoſophical Heads of all 
paſt Ages, and be reſerv'd to theſe our Times. 
But that wonder will ſoon ceaſe, if it be conſi- 
der'd how great improvements Geometry has 
receiv'd in our Memory, and particularly from 
| the profound Diſcoveries of our incomparable 

Author. 

The Theory of the Motion of the primary 
Planets is here ſhewn to be nothing elſe, but the 
contemplation of the Curve Lines which Bodies 
caſt with a given Velocity, in a given Direction 
and at the ſame time drawn towards the Sun 
by its gravitating Power, would deſcribe. Or, 
which 1s all one, that the Orbs of the Planets 
are ſuch Curve Lines as a Shot from a Gun de- 
ſcribes in the Air, being caſt according to the 
direction of the Piece, but bent in a crooked 

Line-by the ſupervening Tendency towards the 
Earths Centre: And the Planets being ſuppoſed 
to be projected with a given Force, and at- 
tracted towards the Sun, after the aforeſaid 
0 : A « . ag man-; 
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manner, are here proved to deſcribe ſuch Fi- 

ures, as anſwer punctually to all that the Indu- 
ſiry of this and the laſt Age has obſerv'd in 
the Planetary Motions. So that it appears, 
that there is no need of ſolid Orbs and Intel- 
ligences, as the Antients imagin'd, nor yet of 
Vortices or Whirlpools of the Celeſtial Matter, 
as Des Cartes ſuppoſes ; but the whole Affair is 
ſimply and mechanically performed, upon the 
ſole Suppoſition of a Gravitation towards the 
Sun; which cannot be denied. 

The Motion of Comets is here ſhewn to be 
compounded of the ſame Elements, and not to 
differ from Planets, but in their greater ſwift- 
neſs, whereby overpowering the Gravity that 
ſhould hold them to the Sun, as it doth the 
Planets, they flie off again, and diſtance them- | 
ſelves from the Sun and Earth, ſo that they ſoon 
are out of our ſight. And the imperfect Ac- 
counts and Obſervations Antiquity has left us, 
are not ſufficient to determine whether the ſame 
Comet ever return again. But this Author has 
ſewn how Geometrically to determine the Orb 
of a Comet from Obſervations, and to find his 
diſtance from the Earth and Sun, which was 
never. before done. 5 7 

The third thing here done is the Theory of 
the Moon, all the Inpgealicies of whoſe Motion 
are proved to ariſe from the ſame Principles, 
only here the effect of two Centers operating 
on, or attracting a projected Body comes to be 
conſidered ; for the Moon, tho principally at- 
trated by the Earth, and moving round it, does 
together with the Earth, move round the Sun 
once a Year, and is according as ſhe is, nearer 
or farther from the Sun, drawn by him more 
or leſs than the Center of the Earth, about 
0101 | C | which 
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which ſhe moves; whence ariſe ſeveral Irregu- 


larities in her Motion, of all which, the Author 


in this Book, with no leſs Subtility than In- 
duſtry, has given a full account. 7 And tho? by 


Feaſoh of the great Complication of the Pro- 


blem, he has not yet been able to make it 
purely Geometrical, *tis to be hoped, that in 
ſome farther Eſſay he may ſurmount the diffi- 
culty? And having perfected the Theory of 
the Moon, the long deſir'd diſcovery of the 

ngitude (which at Sea is only practicable 


L 
( TRIS e may at length be brought to light, 


fo tlie great Honour of your Majeſty and 
Advantage of your Subjects. | 
All the ſurprizing Phænomena of the Flux 


and Reflux of the Sea, are in like manner 


ſheyn to proceed from the ſame Principle; 
Which 1 defign more largely to inſiſt on, ſince 
the matter of Fact is ia this caſe much better 
bore to your Majeſty than in the 'fore- 
If the Earth were alone, that is to ſay, not 
affected by the Actions of the Sun and Moon, 
it is not to be doubted; but the Ocean, being 
equally preſꝰd by the: force! of Gravity to- 
wards the Center, would continue in a perfect 
ſtagnärion, always at the ſame height, with- 
enr erthef ue or Flotving; but it being 
ere demonſtrated, that the Sun and Moon 
— 5 Aike Principle of Gravitation towards 

er Centers, and that the Earth is within 
che Acvity of their Attractions, it will plain- 
Ty fog that the Equality of the preſſure of 
Gravity towards the Center will thereby be 
diſturb d'; and tho? the ſmallneſs of theſe For- 
Tes, inf reſpeck of the. Gravitation towards the 
Eufths“ Center, Tenders them altogether! im- 
* — perceptible 
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perceptible by any Experiments we can de- 


viſe, yet the Ocean beihy fluid and yeilding to 
| {ing ſhews where it is 
leſs preſt, and where it is more preſt by its 


the leaſt force, by its ri 


ſinking. 


Now if we ſuppoſe the force of the Moons 


Attraction to 8 as the Square of the Di- 
ſtance from its Center increaſes (as in the Earth 
and other Celeſtial Bodies) we ſhall find, that 
where the Moon is p 
bove or below the Horizon, either in Zenith 
or Nadir, there the force of Gtavity is moſt 


of all diminiſhed, and conſequently that there 
the Ocean muſt nec Mrily ſwell by the come 


ing in of the Water ftbin thoſe parts where the 
Preſſure is greateſt, viz: in thoſe places where 


by as much as is the difference of the avita- 


* 


erpendicularly either a- 


eo * 
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a ſelf into a Spheroidal or Oval Figure, whoſe 
longeſt Diameter is where the Moon is verti- 


cal, and ſhorteſt where ſhe is in the Horizon ; | 


and that the Moon ſhifting her Poſition as ſhe 


turns round the Earth once a Day, this Oval of 
Water ſhifts with her, occaſioning thereby the 


two Floods and Ebbs obſervable in each 25 
Hours. 

And this may ſuffice as to the general Cauſe 
of the Tides; it remains now to ſhew* how 
naturally this motion accounts for all the Par- 
ticulars that have been obſerv'd about them; 
ſo that there can be no room left to doubt, 
but that this is the true cauſe thereof. 

The Spring Tides upon the New and Full 
Moons, and Neap Tides on the Quarters, are 
| occaſion'd by the attractive Force of the Sun 
in the New and Full, conſpiring with the At- 
traction of the Moon, and producing a Tide 
by their united Forces: Whereas in the Quar- 

ters, the Sun raiſes the Water where the 
Moon depreſſes it, and the contrary; ſo as 
the Tides are made only by the difference of 
their Attractions. That the force of the Sun 
is no greater in this caſe, proceeds from the 
very ſmall Proportion the Semidiameter of the 
Earth bears to the vaſt diſtance of the Sun. 
It it alſo obſerv'd, that ceteris paribus, the 
 XquinoQtial Spring Tides in March and Sep- 
tember, or near them, are the Higheſt, and 
the Neap Tides the, loweſt ; which proceeds 
from the. greater Agitations of the Waters, 
when the fluid Spheroid revolves about a great 
Circle of the Earth, than when it turns about 
in a leſter Circle; it being plain, that if the 
Moon were conſtituted in the Pole and there 
\ Rood, that the Spheroid would have FE Po- 
5 ition 
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—— 


ſition, and that it would be always high Wa- 
ter under the Poles, and low Water every 
where under the Equinoctial: And therefore 
the nearer the Moon approaches the Poles, the 
leſs is the agitation of the Ocean, which is of 
all the greateſt, when the Moon is in the E- 
quinoctial, or fartheſt diſtant from the Poles. 
Whence the Sun and Moon, being either con- 
joined or oppoſite in the Equinoctial, produce 
the greateſt Spring Tides ; and the ſubſequent 
Neap Tides, being produc'd by the Tropical 
Moon in the Quarters, are always the leaſt 
Tides; whereas in June and December, the 
Spring Tides are made by the Tropical Sun 
and Moon, and therefore leſs vigorous ; and 
the Neap Tides by the Xquino&tial Moon, 
which therefore are the ſtronger : Hence it 
happens, that the difference between the Spring 
and Neap Tides in theſe Months, 1s much leſs 
conſiderable than in March and September. And 
the reaſon why the very higheſt Spring Tides 
are found to be rather before the Vernal and 
after the Autumnal Equinox, viz. in February 
and October, than priciſcly upon them, is, be- 
cauſe the Sun is ncarer the Earth in the Winter 


Months, and ſo comes to have a greater effect 


in producing the Tides. | . 
Hitherto we have conlider'd ſuch Aﬀections 
of the Tides as are Univerſal, without relation to 
particular Caſes ; what follows from the differ- 
ing Latitudes of places, will be eaſily under- 
ſtood by the following Fig. (ide Fig. 2. Plate 1.) 
Let Ap E be the Earth cover'd over with 
very deep Waters, C its Center, P, p, its 
Poles, A E the Æquinoctial, F f the parallel of 
Latitude of a Place, D d another Parallel at e- 
qual diſtance on the other ſide of the Æqui- 
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noctial, Hh the two Points where the Moon is 
vertical, and let X be the great Circle, where- | 
in the Moon appears Horizontal. It is evi- 
dent, that a Spheriod deſcrib'd upon h, and 
and & & ſhall nearly repreſent the Figure of the | 
Sea, and C/ CD, CF, Cd ſhall be the hights of | 
the Sea in the places f, D, F, d, in all which it 
is High-water: And ſeeing that in twelve 
Hours time, by the diurnal Rotation of the 
Earth, the Point E is transferr'd to f, and 4 
to D : The hight of the Sea CF will be that of 
the High-water when the Moon is preſent, and 
Cf that of the other High-water, when the 
Moon is under the Earth: Which in the caſe 
of this Figure is leſs than the former CF. And 
in the oppoſite Parallel D 4 the contrary hap- 
pens. The Riſing of the Water being always 
alternately greater and leſs in each place, when 
it is produc'd by the Moon declining ſenſibly 
from the Æquinoctial; that being the greateſt | 
of the two High-waters in each diurnal Revo- 
lution of the Moon, wherein ſhe approaches 
neareſt eĩther to the Zenith or Nadir of the 
place: Whence it is that the Moon in the 
Northern Signs, in this part of the, World, 
makes the greateſt Tides when above the 
Earth, and in Southern Signs, when under the 
Earth; the Effect being always the greateſt 
where the Moon is fartheſt from the Horizon, 
either above or below it. And this alternate 
increaſe and decreaſe of the Tides has been ob- 
ſerv'd to hold true on the Coaſt of England, at 
Briſtol by Capt. Sturmy, and at 'Plypouth by 
Mr. Colepreſſe. | 


But the «motions hitherto; mention'd are 
ſomewhat alter'd by the Libration of the Wa- 
ter, whereby, tho the Action of the Lumina- 


ries 
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ries ſhould ceaſe, the Flux and Reflux of the 
Sea would for ſome time continue: This Con- 
ſervation of the impreſsd Motion diminiſhes 
the differences that otherwiſe would be be- 
tween two conſequent Tides, and is, the reaſon 
why the higheſt Spring-Tides.are not preciſely 
on the New and Full Moons, nor the Neaps 
on the Quarters; but generally they are the 
third Tides after them, and ſometimes la- 
ter. | Avi rc 
All theſe things would regularly come to 
paſs, if the whole Earth were coyer'd with Sea 


very (deep; but by reaſon of the ſhoalneſs of 


ſome places, and the narrowneſs of the Streights, 
by which the Tides are in many caſes propa- 
| © is there ariſes a great diverſity in the Ef- 
fect, and not to be accounted for, without an 
exact Knowledge of all the Circumſtances of the 
Places, as of the Poſition of the Land, and the 
Breadth and Depth of the Channels by which 
the Tide flows; for a very flow. and impercep- 
tible motion of the whole Body of the Water, 
where it is (for example) 2 Miles deep, will 
ſuffice to raiſe its Surface 10 or 12 Feet in a 
Tides time; whereas, if the ſame quantity of 
Water were to be convey'd upon a Channel of 
40 Fathoms deep, it would require a very great 
Stream to effect it, in ſo large Inlets as are the 
Channel of England and the German Ocean; 
whence the Tide is found to ſet ſtrongeſt in 
thoſe: places where the Sea grows narrowelt, ; 
the ſame quantity of Water being to paſs 
through a ſmaller bre This is moſt evi- 
dent in the Streighes, between Portland a 
Cape de Hague in Normandy, where the Tide 
runs like a Sluce ; and would be yet more be- 
tween Dover and Calis, if the Tide et e 
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bout the Iſland from the North did not check 
it. And this force being once impreſs'd upon 
the Water, continues to carry it above the 


level of the ordinary height in the Ocean, par- 
' | ticularly where the Water meets a direct Ob- 


ſtacle, as it is at St. Malo's; and where it en- 
ters into a long Channel, which running far 


into the Land, grows very ſtreight at its Ex- 
tremity; as it is in the Severn- Sea at Chepſtow 


and Briſtol, | IIS 
This ſhoalneſs of the Sea and the intercurrent 


Continents are the reaſon, that in the open 


Ocean the time of High-water 1s not at the 
Moons appulſe to the Meridian, but always 
ſome Hours after it; as it is obſery'd upon all 
the Weſt-Coaſt of Europe and Africa, from Jre- 
land to the Cape of Good- Hope : In all which a 
S. W. Moon makes High-water, and the ſame 


is reported to be on the Weſt ſide of America. 
But ĩt would be endleſs to account all the par- 


ticular Solutions, which are eaſie Corollaries 
of this Hypotheſis; as why the Lakes, ſuch as 


the Caſpian Sea, and Mediterranian Seas, ſuch 
as the Black Sea, the Streights and Baltick, have 


no ſenſible Tides: For:Zakes having no Com- 


munication with the Ocean, can neither in- 
creaſe nor diminiſh their Water, whereby to 


riſe and fall; and Seas that communicate by 
ſuch narrow Inlets, and are of ſo immenſe an 
Extent, cannot in a few Hours time receive or 


empty Water enough to raiſe or ſink their Sur- 
face any thing ſenſibly. . 1 


Laſtly, to demonſtrate the excellency of this 


Doctrine, the Example of the Tides in the 


Port of Tunbing in China, which are ſo extra- 


ordinary, and differing from all others we have 
yet heard of, may ſuffice. In this Port there is 


"of but 
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but one Flood and Ebb in 24 Hours; and twice 
in cach Month, viz. when the Moon is near 
the Æquinoctial there is no Tide at all, but the 
Water is ſtagnant ; but with the Moons decli- 


nation there begins a Tide, which is greateſt 
when ſhe is in the Tropical Signs: Only with 


this difference, that when the Moon is to the 
Northward of the Equincctial, it Flows when 
ſhe is above the Earth, and Ebbs when ſhe is 
under, ſo as to make High-water at Moons- 
ſetting, and Low- water at Moons-riſing: But 
on the contrary, the Moon being to the South- 
ward, makes High-water at riſing and Low- 
water at ſetting; it Ebbing all the time ſhe is 
above the Horizon. As may be ſeen more at 
large in the Philoſophical Tranſaction, Numb. 
162. 

The Cauſe of this odd Appearanbe is pro- 
pos'd by Mr. Newton, to be from the concur- 
ence of two Tides; the one propagated in ſix 
Hours out of the great South-Sea along the 
Coaſt of China; the other out of the Indian- 
Sea, from between the Iſlands in twelve Hours, 
along the Coaſt of Malacca and Cambodia. The 
one of theſe Tides, being produc'd in North- 


Latitude, is, as has been ſaid, greater, when 


the Moon being to the North of the Equator 
is above the Earth, and leſs when ſhe is under 
the Earth. The other of them, which is pro- 
pagated from the Indian-Sea, being raiſed in 
South-Latitude, is greater when the Moon de- 
clining to the South, is above the Earth, and 
leſs when ſhe is under the Earth: So that of 


+ theſe Tides alternately greater and leſſer, there 


comes always ſucceſſively two of the greater and 
two of the leſſer together every day ; and the 


High-water falls always between the times of, 


the 


: 
N 
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the arrival of the two greater Floods - and the 
Low-water between the arrival of the two leſ- 
er Floods. And the Moon coming to the X- 
quinoRtial, and the alternate Floods becoming 
equal, the Tide. ceaſes and the Water ſtag- 
nates: But when ſhe has paſs'd to the other ſide 
of the Equator, thoſe Floods which in the for- 
mer Order were the leaſt, now becoming the 


greateſt, that That before was the time of 


"High-water now becomes the Low- water, and 
the Converſe. So that the whole appearance 
of theſe ſtrange Tides, is without any forcin 
naturally deduc'd from theſe Principles, an 
is a great Argument of the certainty of the 
Whole Theory. 5 ; 


| 


7 
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bound beyond the, FA Ir). ththet 
Inſtruments on purpoſe to obſerve this varia- 


knowledge of the Theory of the Ma 
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A Theory of "thi" Vacation g rhe 
Magnetical Compaſs, 3% Mr. Ed. 
Halley Fellow of the R. S. 


H E variation of the Compaſs (by which 
I mean the deflection of the Magnetical 
Needle from the true Meridian) is of [that 
great concernment in the Art of Navigatipn, 
that the negle& thereof, does little leſs than 
render uſeleſs one of the nobleſt Inventions 
Mankind ever yet attained to. And. for this 
cauſe all Ships of Conſequence (eſpecially: thoſe 
uator) carry with them 


tion: That, ſo the. Courſe. ſkear'd by the Com- 

paſs, may be reduc'd to the true Courſe in re 

ib}. of the Meridia... © <-74 099 
Now altho? the, great utility that a perfe 


Direction would afford to Mankind in pefieral, 
and efpecially to thoſe concern'd in Sea Affairs, 


' ſeems as ſufficient incitement'toall Phifofbphiedl 
and Mathematical Heads, to take under'Te- 


rious Conſideration the ſeveral Phenomena, and 
to endeavour to reconcile them by ſome gene- 
ral Rule: Vet ſo it is; that almoſt all the Au- 
thors, from whom a Diſcourſe ofthis kind ought 
to have been expected, paſs by in ſilence the dif- 
ficulties they here encounter. And thoſe that 
mention this variation: By affirming it to pro- 
ceed from Cauſes altogether uncertain (as are 


the caſual lying of Iron Mines and Loadſtones 


in the Earth) put a ſtop to all further Contem- 
plation 
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plation ; and give diſcouragement to thoſe that 
would otherwiſe uudertake this Enquiry. *Tis 
true, that not long ſince one Mr. Bond, an old 
Teacher of Navigation, put forth a ſmall Trea- 
tiſe wherein he pretends to calculate the vari- 
ation: But he limits his Hypotheſis to the Ci- 
ty of London, Art: himſelf (as he had a 
great deal of reaſon) that the ſame Calculus is 
not ſufficient for other places; whereby it ap- 
pears that this Rule is far ſhort of the ſo much 
— . · 
Now although (through want of ſufficient 
Obſervations and ſome other difficulties which 
I ſhall anon ſhew) I cannot pretend perfectly 
to eſtabliſh the Numbers and Rules of a Calcu- 
tu which ſhall preciſely anſwer to the variati- 
ons of all parts of the World: Yet I ſuppoſe it 
will not be unacceptable to the curious to pro- 
poſe ſemething of a light iato this abſtruſe 
Myſtery; which, if no other, may have this 
good effect, to ſtir up the Philoſophical Geri: 
of the Age to apply themſelves moreattentively 
to this uſeful ſpeculation. But before I proceed, 
*twill be neceſſary tolay down the Grounds up- 
on which I raiſe my Concluſions ; and at once 
to give a Synopſis of thoſe variations which I 
have reaſon to look upon as ſure, being moſtly 
the Obſervations of Perſons of good Skill and 
Integrity. 


—M — 61 


M iſcellanea Curioſa. 
e ee 


« # 


29 


TABLE 
VARIATIONS. 


Names of 


Places. 


London 


Vraniburg 


Copenbagen 


Damzick 
Mompelier 
Breſt 


Nome 
Bayonne 
Hudſon's Bay 


In Hud. Straights | 


In Baffius Bay 
at Sir Tho 
mas Smiths 


Sound 


* 
” 


e 


| 


| Longitude 
fromLon. 


Variation 


Latitude. Anmo | 
Pom. Obſervd.- 
SER ' dm 
15132N 1580 11 15 E 
1622 6 2 
1634] 4.5 
_ 128 
1 6831432 
48. r N64 285 
1666] 00. 
| 1681 | 2 30W 
55-54 N [1672] 235W 
2 == 
55. 41-N 1649] 130 E 
12 5 1672; 335W 
54:23 N | 1679 | 788 
43.37 N 1674 1 10W 
48.23 N 1680] 145W 
4¹. 50 N 1681 50% W 
43.30 N | 1680 | 1 20 
31 oo N | 1668 | 19 15 
had 166$ | 29 30 
78 00 N 1616 | 57 00W 
| Wames 
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Names of Places. 


At Sea 

At Sea . 

ape St. Aug. of Brazile 
Ga ape Frio 
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titude.LAnnoVariation 


dm d m 
50 0 WI38 40. N 1682] 7 30 W 


1 o W]43 50 N,1682 5 30 W 
2 8 21 © N 1678 O 40 E 


35 30 W 8 o S 1670 5 30 E 


41 10 WIz2 40S [1670]12 10 E 


* A — 


AS of of weder |, 
- of theRiver ofP1are 
as the Eaſt Entrance) 


| n Straits q 
AttheW.Entrane of) | 

the Magellanstiaits) 
Baldivia ' 


| | 32 
32 bo who 10 $ 167020 30 E 
68 00 Mßa 30 $1167017 00 E 
75 O0 M53 00 S[167014 10 E 


1225 oo W4o 00 S11670 8 10 E 


- 
”T F 


At Cape @ Agulige 20 16 30 E 4 50 81622 2 00 W 
ee, 1575 800 W 
At Seq © ts 1 0 4 30 S$|1675| 00 
# eat | +: 20 0 WhÞ4 © $11675 10 30 E 
Lea? | £72 32 O WEA © SI1675 110 30 E 
Ast eb : 6 30 W116 9 \ S11677] o 40 E 
At Aſcenſiort - 14 30 7 DS 1678} 1 co E 
At Fobanna Y 4 oo El12 15 S|[1675|19 30 W 
At Monba e. 40 6d E| 4 oo S|1675h16 00 W 
At Zocatrd | 1 _|56 oo E 112 30N 2 — + of Sond gh 
2 285 7 30 Elr3 oN 1674 15 00W 
n 1 0 Ez os 1676 20 30 W 
At Sea 71 85 4 30 El 0 o 1676 15 30 W 
At Sea C22 2155 O El2 27 0 $11676,24 00 W 
At Bombay © Ei Yb 9 © N11676[12 oo W 
At Cape Comgrin | [7 op EIS 15 N[1689| 848 W 
At Ballafae . - . | Eee 7 90 Eſzt 30 N[168o| 8 20 W 
Ae 80 00 3 55 (N[1680] 8 10 W 
At the w e 104 0 El & 40 3 10 W 
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At Sea 35 oo El39 o $1677[27 30 W 
At the Iſle of St. Paul 72 © E138 O 1677 23 30 W, 
At Van Diemens Land [142 o E[42 25 8642 © o 

At new Zealand 170 O Ey050Sh1641 o E. 


EN ng ee ee e 


A ESP yen Hpors ce 6190 © 
on theCoaſt of N. Gunie a 149 oo El 4 30511643] 8 45 E 
at the W. p. of N. Gunieaſ i 26 oo E o 26 $1643] 5 30 E 


Tho' I could wiſh we could obtain from the 
Spaniards what Variations they find in their 
Voyages from the Manilhas towards Acapulco, 
thorough the North part of the South Sea; as 
likewiſe what it is at Japan, from the Dutch: 
Yet (conſidering the number of theſe Obſerva- 
tions I have collected, and that they are made 
in parts of the World ſo remote from Europe, 
and from one another) I ſuppoſe that the The- 
ory that anſwers theſe will ſcarce fail in thoſe 
Regions from whence we have as yet no ac- 
count. But firſt we muſt make ſome remarkes 
upon the foregoing Table: And, Firſt, 


That in all Europe the variation at this time 
is Weſt, and more in the Eaſtern Parts thereof 
than the Weſtern: As likewiſe' that it ſeems 
throughout to be upon the increaſe that way. 


Secondly, That on the Coaſt 9 a- 
bout Virginia, New-England and - New-Found- 
Land, the variation is likewiſe Weſterly; and 
that it increaſes all the way as you go North- 
erly along the Coaſt fo as to be above 20 De- 
grees at _New-found-Land , nearly 30 gr. in 
Hudſons Straits, and not deſs than 57 Pegrees in 

N Baſfins ) 
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Bains Bay; alſo, that as you Sail Eaſtward | 
from this Coaſt the variationdiminiſhes. From | 
theſe two it is a Legitimate Corallary : That 
Somewhere between Europe, and the North part of | 
America, there ought to be an Eaſterly Variation, or 
-at-teaft-no Meſterly. And ſo l conjecture it is 
about the Eaſtermoſt of the Tercera Iſlands. 


Thirdly, That on the Coaſt of Braſile there 
is Eaſt variation, which increaſes very notably 
as you go to the Southward ſo as to be 12 De- 
grees at Cape Frio, and over againſt the River 
of Plate 201 Degrees: And from thence Sail- 
ing Southweſterly to the Straits of Magellan it 
decreaſes 1 Degrees, and at the Weſt Entrance 
but 14 Degree: | 
Id 2451 | | al 
Fourthly, That at the Eaſtward of Braſil: A 
properly ſo called, this Eaſterly variation de- 
creaſes, ſo as to be very little at St. Helena 
and Aſcenſion, and to be quite gone and the 
"Compaſs Point true about 18 Degrees of Lon- 
gitude Weſt from the Cape of Good-hope. 


- Fifthly, That to the Eaſtward of the afore- 
ſaid Places a Weſtward variation begins, which 
Reigus in the whole Indian Sea, and ariſes to 
no leſs than Eighteen Degrees under the Equa- 
tor itſelf, about the Meridian of the Northern 
part of Madagaſcar ; and near the ſame Meri- | 
dian but in 39. Degrees South Latitude it is 
found full 27 3 Degrees: From thence Eaſter- 
ly the Weſt variation decreaſes, ſo as to be lit- 
tle more than eight Degrees at Cape Comorin, 
and than three Degrees upon the Coaſt of Ja- f 
v; and to be quite extinct about the Molucca 9, 
"Iſlands, as alſoa little to the Weſtwards of Va» I bei 


Diemen, 
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33 


Sixthly, That to the Eaſtward of the Molu- 
cca's oY Van Diemen Land in South Latitude. 
there ariſes another Eaſterly Variation, which 
ſeems not ſo great as the former, nor of ſo large 
extent; for that at the Iſland Rotterdam it is ſenſi- 
bly leſs than uponthe Eaſt Coaſt of NemOuinea; and, 
at the rate it decreaſes, it may well be ſuppos'd, 


| that abourgoNepret erthech aller 225 Degrees 


Eaſt Longitude from London, in the Latitude of 
ze Degrees South, a Weſterly Variation begins. 


Seventhly, That the variations obſery'd by 
the Honourable Sir John Norborough at Baldivia 
and at the Weſt Entrance of the Srraighes of 
Magellan do plainly ſhew, that That Eaſt varia- 
N eee third Remark, is decreaſin 
apace; and that it cannot reaſonably exten 
many Degrees into the South Sea from the 
Coaſt of Peru and Chili, leaving room for a 
ſmall Weſterly variation, in that Tract of the 
unknown. World that lies in the mid-Way be- 
tween Chili and "New: Zealand, and between 
Hounds-Iſland and Peru. 115 


Eighthly, That in Sailing North-Weſt from 
St. Helena by Aſcenſion as far as the Equator the 
variation continues very ſmall Eaſt, and as it 
were conſtantly the ſame: So that in this part 
of the World the Courſe, wherein there is no 
variation, is evidently no Meridian, but rather 
North-Weſt. _ „ 


171 þ 


Niathly, That the Entrance of |Hudſon's 
Straight; And the Mouth of the River of Plate 
being nearly under the fame Meridian, at the 

In 5 


one 


34 Miſcellanea Curioſa. 

one place the Needle varies 291 Degrees to 
the Weſt, at the other 203 Degrees to the Faſt. 

This plainly demonſtrates, the impoſſibility - of 
reconciling theſe variations by the Theory of 
Bond; which is by. two Magnctical Poles and an 
A inc lined to the Axis of the Earth; from 
whence it would follow, That under the ſame 


Meridian the Variation Jhould be in all places the 
ſame way. {eres 
: Theſe thin gs en premiſel may ſerve as a 
ſure Foundation to raiſe the fuperſtructute of « 
Theory upon. But firſt it would not be amiſs 
to ſhew hereby the miſtake of Gilbert and Des 
2 V rſt whereof ſuppoſes; that wy 
th itſelf being in all its parts Magnetic cal, a 
the IV. . e the L 4 "ts ff „ thithey 
alſo ſhould the Need, dle tion, as to the e gi an- 
tity of Magnetical Matter | ſat S, in many 
inſtances is not true ; but mo ende u 
— Of Coaſt of Breſile, where the Needle Is 
1 15 ar from being attracted by the Land, that 
it turns 1 5 10 nite,  conftary, way, leaving the | 
Me ridian BE, W. n; 18 pr, 0 the 
Coaſt.” As 10 che Polition of Des. Cartes, that 
the Iron and Loadſtones hid in IG ' Bowel; of the 
Earth and the Bottom of the Sea may be the Cauſes 
that the Needle varies; if we conſider for how 
great apart of the Earths Surface ex gr. in the 
whole 7 45a Th the Needle: uns the ſame 
15 9g, that. r mere mid olle ow that 
the attract Ing Supau at e it, mult 
be very far diſtant. I by Experience we 
find the little force that Iron Guns have upon 


the Compaſs in Shi 5 (thei V tue, tho”. they 
be demicu W Ws ape a m 
Peppe 3ble at l t ANCE) and 
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the Experiments now before the Royal Society 
de plainly. new, how little a Magnetiſm there 
is in moſt crude Iron Ores : What quantity 
thereof muſt be then ſupposꝰd to make ſo power 
ful a Diverſion at cwo or three Thouſand Miles 
diſtance? Vet I cannot deni that in ſome places 
near the Shoar, or in Shoal- Water, the Needle 
may be irregularly directed from the aforeſaid 
Cauſes, and that not a little, as'Gafſendus gives 
a notable inſtance of the Iſland Ela in the Me- 
dicerranean Sea: But theſe differences from the 
general Direction are always ſigus of the near 
neſs of thoſe Magnetical Subſtances, for the 
Production whereof that Iſland Elba has heen 
famous from all Antiquity. Beſides, agginſt 
both Des Curtes and Gilbert, the change of the 
variation, which has been within theſe Hundred 
Vears daſt paſt more than 15 gr. at London, is an 
entire Demonffration ;:tho? Des Cartes does not 
ſtick to ſay, that the tranſportation of Iron from 
place to place, and the growth of new Iron 
within the Earth, where there was none be- 
fare, may be the cauſe; thereof. The ſame; 
holds likewiſe againſt the Hypotheſis of Magne 
riral Fibres; which Kzcher maintainss. 
Now to propoſe ſomething that may anſwer 
the ſeveral appearances, and introduce nothing 
ſtrange in Philoſophy, after a great many clo 
Thoughts; L can come to no other Concluſion 
than that, The whole Globe af the Earth is one 
great Magnet, having four Magnetical Poles, or 
Paints of Attrattion, near each. Pole of the Equator. 
Two; and that, in thoſe parts of the World which 
lye' near. adjacent to any one of thoſe, Magneticai 
Poles, ithe 1 Needle is governed thereby, the neareſt 
Pele being lw ' predpminant - over the more re- 
mote. The parts of the Earth wherein theſe 
21155! D 2 Magnetical 
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Magnetical Poles lie, cannot as yet be exactly 
determin'd for want of ſufficient Data to pro- 
ceed Geometrically; but, as near as Conjecture 
can reach, I reckon that the Pole, which is at 
1 neareſt to us, lies in or near the Meri- 

1, dian of the Lands end of England, and not a- 
bove ſeven Degrees from the Pole Arctick, by 
this Pole the variations in all Europe and Tartary, 
and the North Sea are principally governed, 
„ tho? with regatd to the other Northern Pole, 
W hoſe ſituation is in a Aſeridian paſſing about 
the middle of California, and about 15 gr. from 
the North Pole of the World; to this the 
Needle has chiefly reſpect in all the North A- 
mer isa, and in the two Oceans on either ſide 
thereof,” from the Azores Weſtward to Japan, 
„„ and'farther. The two Southern Poles are ra- 
ther farther diſtant from the South Pole of the 

„ World: The one about ſixteen Degrees there- 
-* from, is in a Meridian, ſome twenty Degrees 
to the Weſtward of Magellan Straights, or ninty 
five Degrees Weſt from London: This com- 
mands the Needle in all the Sou h- America, in 
the Pacific Sea, and the greateſt part of the 
Ethiopick, Ocean The Fourth and laſt” Pole 

++ ſeems to have the 'greateſt Power and largeſt 
Dominions of all, as it is the moſt remote — 
tde Pole of the World, being little leſs than 
20 Degrees diſtant there-from in the Meridian, 
which paſſes through Hollandia Nova and the 
| Iſland Celebet about one hundred and twenty De- 
grees Eaſt from London; this Pole is predomi- 
nant in the South part of Africa, in Arabia and 
the Red Sea, in Perſia, India, and its Iſlands, 
and all over the Indian Sen, from the Cape ſof 
| Goods Epe Baſtwards to the middle of tho great 
Soutk Sea that divides Aſia from — 
TROTTOF OR IS - eems 
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ſcems to be the preſent Diſpoſition of the Mag- 
netical Vertue throughout the whole Globe of 
the Earth; it remains to ſhew how this Hypo- 
theſis makes out all the variations that have 
been obſerv'd of late; and how it anſwers. to 
our ſeveral Remarks drawn from | the Table. 
And firſt it is plain, that (our European North 
Pole being in the Meridian of the Lands end of 
England) all places more Eaſterly than that will 
have it on the Weſt ſide of their Meridian, and 
conſequently the Needle, reſpecting it with its 
Northern Point, will have a Wefterly variati- 
on, which will ſtill; be greater as you go to the 
Eaſtwards, till you come to ſome Meridian of 
Ruſſia where *twill be greateſt, and from thence 
decreaſe again. Thus at Breſt the variation is 
but 13 Degrees, at London 43 Degrees; but at 
Dantzick, ſeven Degrees Weſt. To the Weſt- 
ward of the Meridian of the Lands end, the 
Needle ought to have an Eaſterly variation; 
were it not that (by approaching the Americar. 
Northern Pole, which lies on the Weſt ſide of 
the Meridian, and ſeems to be of greater force 
than this. other) the Needle is drawn thereby 
Weſtwards, ſo as to counterballance the di- 
rection given by the European Pole, and to make 
a ſmall Weſt variation in the Meridian of the 
Lands end itſelf. Yet I ſuppoſe that about the 
Meridian of the Iſle Tercera, our neareſt Pole 
may ſo far prevail as to give the Needle a little 
turn to the Eaſt, tho? but for a very ſmall ſpace: 
The Counterballance of thoſe two Poles per- 
mitting no, conſiderable variation in all the 
Eaſtern Parts of the 4:lantick, Ocean; nor up- 
on the Weſt Coaſts of England and Helaud, 
France, Spain and Barbary. But to the Weſt- 
wards of the Azores the Power of the American 

i” D 3 Pole 
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Pole overcoming that of the European the 
Needle has chiefly reſpe& thereto, and turns 
ſtill more and more towards it as you approach 
it. Whence it comes to paſs, that on the 
Coaſt of Virginia, New-England, New-found- 
Land, and in Hud ſonꝰs-Straights the variation is 
Weſtward; that it d as you go from 
thence towards Europe, and that it is leſs in Yr - 
ginia and New-England, than in New-found-Land, 
and Hud ſon's-Straighte. This Weſterly varia- 
tion again decreaſes, as you paſs over the North 
America; and about the Meridian of the mid- 
dle of California the Needle again points due 
North; and from thence Weſtward to Tedo 
and Japan, I make no doubt but the variation 
is Eaſterly, and half the Sea over no leſs than fif- 
teen Degrees, if there be any truth in this Hy- 
potheſis of mine. Therefore I propoſe this as 
a trial, that the whole may be ſcann'd thereby ; 
and 1 concave it wilt not be hard to know of 
the Spaniards how it is, who ſo frequently fail 
through that Ocean, in their return from the 
Manilha Wes. This Eaſt variaticn extends o- 
ver Japan, Yedzo, Eaft-T artar > part of 
China, till it meet with the Weſterly, which is 
overn'd by the Europe an North Pole, and which 
ſaid was greateſt ſomewherein Ruſſia. _ 
Towards the Southern Pole the effect is much 
the ſame, only that here the South Point of 
the Needle is attracted. Hence it will follow, 
that the variation on the Coaſt of Brazle, at 
the River of Plate, and fo on to the Straits of 
Magellan ſhould be Eaſterly (as in our third Rc- 
mark); if we ſuppoſe a Magnetical Pole lituate 
ahout twenty Degrees more Weſterly than the 
Straights of Magellan. And this Eafterly varia- 
tion doth extend Faſtward over the greateſ 
par! 
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part of the Eihiopick Sea, till it be counterpoiſ- 
ed by the Vertue of the other Southern Pole; 
as it. is about mid-way between the Cape of Good- 
Hope, and the Illes of Triſtan dq Acuntia. From 
thence Eaſtwards, the Aſian South Pole (as I 
muſt take the liberty to call it) becoming pre- 
valent, and the South point of the Needle be- 
ing attracted thereby, there ariſes a Welt vari- 
ation very. great. in quantity and extent, be- 
cauſe of the great diſtance of this Magnetical 
Pole of the World. Hence it is, that in all the 
Indian Sea as far as Hollaudia Nova, and farther, 


there js conſtantly Weſt variation; at that un- 


der the Equator itſclf it ariſes to no leſs than 
eighteen Degrees, where *tis moſt. About the 
Meridian of the Iſland Celebes, being likewiſe 
that of this Pole, this Weſterly variation ceaſes, 
and an Eaſterly begins; which reaches, accor- 
ding to niy Hypotheſis, to the middle of the 
Sou h-Sea between Zelandia Nova and. Chili 
leaving room for a ſmall Weſt Variation 2 
by the American South Pole, which I ſhew'd to 
be in the Pacifick Sea, in the ſixth and ſeventh 
Remark. | els a 

What I have now ſaid, does plainly ſhew the 
ſufficieacy of this Hypotheſis for ſolving the va- 
riations that are at this time obſery'd in the 
temperate and frigid Zones, where the directi- 
od of, the Needle chiefly depends upon the 
Counterpoiſe of the forces of two Magaetical 
Poles of the ſame Nature; and I ſuppoſe I have 
ſhewn how it comes to, paſs, that under the 
fame Meridian the variation ſhould be in one 
place 29: Weſt, and another 20! Eaſt; as 1 
havenoted in my niath Remark. 

In the Torrid Zone, and particuiarly under 


the Equinoctial, reſpect muſt be had to all four 
D + P oles, 


1 
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Poles, and their Poſitions well conſider'd, other- 


wiſe it will not be eaſie to determine what the 
variations ſhall be; the neareſt Pole being al- 
ways the ſtrongeſt; yet not ſo, as not to be 
counter ballanc'd ſometimes by the united forces 
of two more remote, a notable Inſtance where- 


of is in our eighth Remark, where 'I took 


notice, that in ſailing from St. Helena by the 
Iſle of Aſcenſion, to the Equator, on a NW. 
Courſe the variation is very little Eaſterly, 
and in that whole Trac unalterable; for which 
I give this Reaſon, that the South American 
Pole (which is conſiderably the neareſt. in the 
aforeſaid places) requiring a great Eaſterly va- 
riation is counterpoiſed by the contrary At- 
traction of the North-American and the Aſian- 
South Pole; each whereof ſingly are in theſe 
parts, weaker than the American-Sout h-Pole; and 
upon the NW. Courſe, the diftance from this 
latter is 5 Lr varied; and as you recede 
from the Aſian- Sout h- Pole, the ballance is. ſtill 
preſerv'd by the acceſs towards the North-A- 
merican-Pole. I mention not in this caſe the 
European North-Pote, its Meridian being little 
remov'd from thoſe of theſe places; and of it 
ſelf requiring the ſame variations we here 
find. After the ſame manner we might pro- 
ceed to conclude the variations in other places 
under and near the Equator ; but I purpoſe- 


Iy leave it for an exerciſe to the Thoughts of 


the ſerious Reader, who is defir'd th help his 
Imagination, by having before him a Map or 
Globe of the Earth : And to mark thereon the 
Magnetical Poles in the Lengitudes and Las- 
tudes J aſſign them. (Vide Plat. 2.) 


I 
Thus 
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Thus, 1 hope, I have not loſt, my Pains 
and Study in this difficult *. „ believing 
that I have put it paſt doubt, That there are in 
the Earth four ſuch Magnetical Points or Poles 


which oceaſion the great variety and ſeeming irregu- 


larity which is obſervꝰd in the variations of the 


Compaſs. | But to calculate exactly what it is, 


in any place aſſign'd, is what I dare not yet 
pretend to, tho' I could wiſh it were my hap- 
pineſs to be able to oblige the World with ſo 
uſeful a piece of Knowledge; there are diſfi- 
culties that occur, that render the thing as yet 
not feaſible, for firſt there are a great many Ob- 
ſervations requiſite, which ought to be made 
at the ſame time; not at Sea, but aſhore, with 
greater Care and Attention than the generali- 
ty of Sailors apply. And beſides it remains 
undetermin'd in what proportion the attractive 
Power decreaſes, as you remove from the Pole 
of a Magnet, without which it were a vain at- 
tempt to go about to calculate. There is yet 
a further difficulty, which is the change of the 
variation, one of the diſcoveries of this laſt 
Century ; which ſhews, that it will require ſome 
hundreds of Years to eſtabliſh-a-compleatyDo- 
ctrine of the Magnetical Syſtem. From the 
foregoing Table it ſhould ſeem, that all the 
Magnetical Poles had a motion Weſtward : 
But if it he fo, 'tis evident, that it is not a 
Rotation about the Axis of the Earth ; for then 
the variations would continue the ſame, in the 
ſame parallel of Latitude (the Longitude only 
changed) as much as is the motion of the Mag- 
nctical Poles, but the contrary is found by Ex- 
perience ; for there is no where in the Latitude 
of 153 North between England and America, a 
variation of eleven Degrees Eaſt at this time; 

| as 


42 Miſcellanea Curioſa. 

às it was once here at London; it ſeems there- 
fore, that our European Pole is grown nearer | 
the Pole Arctick than it was heretofore, or elſe 
that it has loſt part of its Vertue. Bat whe- | 
ther theſe Magnetical Poles move altogether 
with one motion, or with ſeveral ; whether e- 
qually or unequally; whether Circular or Li- | 
ratory : If Circular, about what Center; if 
„  Libratory, after what manner; are Secrets as 
t utterly unkown to Mankind, and are re- 


ferv'd for the Induſtry of future Ages. 


An f 
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* A. Account of the Cauſe of the Change 
„f the Variation of the Magne« 
1 tical Needle, with an Hypot efes 
as ef the Struddure of the Internal 
14 parts of the Earth ; as it was pro- 
4 poſed to the Royal Society in one of 
- their late Meetings. By Mr. 
Edmund Halley. 211 


Aving in the precedent Diſcourſe de- 
livered a Theory of the Variation of 

the Magnetical Compaſs, wherein I did col- 
let as many Obſervations as at that time 
could procure, and having carefully com- 
par'd them together, I came at length to 
this 1 | Siebel ng the — * of — 

Earth might be ea to be one great Magnet, 

| having 2 ase al Poles or Nga 0 ans LEY A 

on, near each Pole of . 55 andibhat tt 
thoſe parts of the World wii, tie hear adi urent to 
any one of thoſe Magnetical Poles, the Needle ts | 
chiefly govern d From: ny the ne.treff Pole being a4. 
ways predominant over the more remote. And } >, 
there have endeavour'd to tate and limit the 
prefent Poſition of thoſe Poles in the Surface of -| 
our Globe} which the Reader pleafing to con- 

An ſult will fave us the pains of repeating. But 
after all, tho* that Diſcourſe was favourably 
receiy'd both at home and abroad, as ſeemin 
to render a tolerable account of the'6bfery? 

Variations 
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variations, yet I found two difficulties not eaſie 
to ſurmount, the one was, that no Magnet I 
had ever ſeen or heard of, had more than two 
oppoſite Poles, whereas the Earth had viſibly 
' four, and perhaps more. And ſecondly, it was 


plain that theſe Poles were not, at leaſt all of 
them, fixt in the Eaxth, but ſhifted from place 
to place, as appear'd by the great changes in 
the Needles direction within this laſt Century of 
Years, not only at London, (where this great 
Diſcovery was firſt made) but almoſt all over 
the Globe of Earth ; whereas it is not known 
or obſerv'd that the Poles of a Load-ſtone ever 
ſhifted their place in the Stone, nor (conſider- 
ing the compact hardneſs of that ſubſtance) can 
it eaſily be ſuppos'd ; tho* the matter of Fact 
be too notorious and univerſal, not to be ac- 
counted for. 1 | 

. Theſe difficulties had, wholly, made me de- 
ſpond, and I had long ſince given over an In- 
quiry I had ſo little hopes of, when in acciden- 
tal Diſcourſe, and leaſt expecting it, I ſtumbl'd 
on the following Hypotheſis ; in delivering 
whereof, if 1 ſhall ſeem to advance any thing 
that looks | like Extravagant or Roman- 
tick, the Reader is deſir'd to ſuſpend his Cen- 
ſure, till he have conſider'd the force and num- 
ber of the many Arguments which concur to 
make good ſo new and ſo bold a Suppaſiti- 


on. 
Tho' it be ſufficiently, known and allow'd, 
that the Needles variation changes, it will be 
neceſſary however to give a few inſtances, 
whereby it may appear that this change is gra- 
dual and univerſal, and the effect of a great and 

ermanent motion: For which take the follow- 
ing Eramp les. os 4 
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At London, in the Year 1580, the variation 
was obſerv'd by Mr. Burrows to be 11* 15 Baſt. 
In Anno 1622, the fame was found by Mr. Gun- 
ter to be but 6* © Eaſt. In the Vear 1634, Mr. 
Gellibrand found it . 5 Eaſt. In 16 57, Mr. Bond 
obſerv'd that there was no variation at London. 
Anno 1672, my felf obſerv'd it 25. 30' to the 
Weſt; and in the Year 1692, I again 
found it '6* o Weſt. So that in 112 Years. 
th e direction of the Needle has chang'd no 11 

han ſeventeen Degrees. 

At Paris. Orontius Fineus about the Your 
1550, did account it about eight or nine De- 
grees Eaſt variation. Ano. 1640, it was found 
three Degrees Eaſt. Anno 1666, there was no 
variation there, and Anno 168 15 1 found it to 
be 29. 30 to the Weſt. 

At Cap. d' Agulbas, the moſt Southerly pro- 
montary of Africa, about the Vear 1600, the 
Needle pointed due North and South without 
variation, whence the Portugueze gave its name. 
Anno 1622, there was two Degrees Welt vari- 
ation. Anno 1675, it was 87. oo Weſt; and 
in the: Year 1691, it was curiouſly obſerv'd not 
leſs than eleven Degrees Weſt. 

At St. Helena, about the Vear 1600, the 
Needle declind eight Degrees to the Eaſt. 
Anno 1623, it was but 69. oo Eaſt. Anno 1677, 
when 1 was there, Fobſerv'd it accurately on 
Shoar to be od. 40 Eaſt; and in 1692 it 
was found about 1 4. to th ger we: of the 
North. Jt 1 
At Cape ne in . in the Vear 1620; 
there was 14 gr. 20 Weſt variation. In the 
Year 1680, there was 8. 48, but now lately in 
the Year: 1688, it Was no more than 7. 30, for 
that here the Needle has return d 9 
about ſeven Degrees in ſeyenty Years. 
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In all the other Examples the Needle has 
gradually mov'd towards the Weſt, and the 
places are too far aſunder to be influenc'd by 
the/ removal of any Magnetical Matter, which 
may by accident be tranſplacd within the 
Bowels, or on the Surface of the Earth. If 
more Examples are deſir'd, the Reader may be 
 furniſh'd with them in the Port ug uexe Routier of 
Aleixo de Motta (written about the Year 1600) 
and in the Voyage of Beaulieu, both publiſh'd 
in Mr. Thevenot's firſt Collecton of curious Voy- 


ages; Printed at Paris, Anno 1663 ; which he is 


to compare with the Journals of our late Eaſt 
India Voyagers, and J am aſſur'd, that it will 
he: thereby evident, that the direction of the 
Needle is in no place ſix'd and conftant, tho? 
in ſome it change faſter than in others: And 
where, for a long time it has continw'd as it 
were _unalter'd; it is there to be underſtood, 
that the Needle has its greateſt Defle tion, and 
is become Stationary in order to return, like 
the Sun, in the Tropick. This, at preſent, is 
che Indian - Sea, about: the Ifland Mauritius, 
where is che higheſt Weſt variation, and in a 
Tract tending from thence into the N. N. W. 
towards the Red-Sea and (Egypt. And in all 
Places to the Weſtward of this Tract, all over 
Africa and the Seas adjoining, the Weſt varia- 
tion well be found to have encreas'd 4 and to 


the aſtwards thereof, as in the Example of 


be Com ine, to have decreas'd, viz. all ove 

the Eaſt-Indies and the Iſlands near it. eb Þ ot 
After the like manner in that Space of Eaſt 
variation, Which, beginning near St. Helena, is 
found all over the South America; and which at 
preſcat is chighłſt aboutithe Mouth of Ria de 1a 
Nata, vit has been uhſery d, that in the Eaſtern 
nl e189Y be 0 e993 KS nov Pants 
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= Parts thereof, the variation of the Needle gra- 
dyally. decreaſes ; but whether on the contrary. 
it increaſes, in thoſe places which lie more 
Weſterly than that Tra& wherein the higheſt 
Eaſt variation is found ; or how it may be in 
the vaſt Pacifick;Sea, we have not Experience 
enough to aſcertain, only we may by Analogy 


: 
: 
: 
l 
: 
: 


LS | > * 


3 infer, that both the Eaſt aud Weſt variations 1 
therein do gradually increaſe and decreaſe after | 
| the fame Rule. F ie | 
- Theſe,, Phenomena being well underſtood and | 
© duly confider'd, do ſufficiently evince, That the | 
7 whole Magnetical Syſtem is by one, or perhaps 
] more motions tranſlated, whether Eaſtwards or | 
C Weſtwards, I ſhall anon, diſcuſs; that this | 
fo moving thing is very great, as extending its | 
4 effects from Pole to Pole; and that the motion | 
t thereof it not per ſaltum, but a gradual and re- 

„ gular motion. age U wo 1 
d Now. conſidering the Structure of our Terra- | 
e queous Globe, it cannot be well ſupposd that a 
is very great part thereof can move within it, 

, without notably changing its Center of Gravi- 

a ty and the Equilibre) of its Parts, which would 

7 produce very wonderful Effects in changing the 

I Axis of diurnal Rotation, and occaſion ſtrange 

er alteration in the Seas Surface, by Inundations 

a= and Receſſes theregh, ſuch, as Hiſtory never yet 

to mention d. Beſides , the ſolid parts of the 

of Earth are not to be granted permeable by any 


other than fluid Subſtances, of which we.know- ' 
none that are any Ways Magnetical. So that 


\ſt the only way to render this motion intelligible 
is and poſſible, is, to ſuppoſe it to turn about the 
at Center of the Globe, baying its Genter of Gra- 


la vity fix'd and immoveable Ane ſame common 
rn Center of the Earth: And there is yet r | 
ts * at 
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that this moving internal Subſtance be looſe 
and detached from the external Parts of the 
Earth whereon we live; for otherwiſe were it 
affix d thereto; / the whole muſt neceſſarily move 
together, © Io z Dune fn 1 
30 then the External Parts of the Globe may 
well be reckon'd as the Shell, and the Inter- 
nal as a Nucleus or inner Globe included with- 
in ours, with a fluid medium between, which 
having the ſame common Center and Axis of 
diurnal Rotation, may turn about with our 
Fatth'edch twenty four Hours; only this outer 
Sphere having its turbinating motion ſome ſmall 
matter either ſwifter or ſlower than the inter- 
nal Ball: And à very Minute difference in 
length of time, by many repetitions becoming 
ſenſtble, the Internal Parts will by degrees re- 
cede from the External; and not keeping pace 
with one another will appear gradually to move 
either Eaſtwards or Weſtwards by the differ - 
ence of thelr motinBs. 
Now ſuppoſing ſuch an Internal Sphere ha- 
ving ſuch a motion, we ſhall ſolve the two great 
Diffiulties we encounter'd in my former Hy- 
potheſis: For if this exterior Shel} of Earth be 
a” Magnet having its Poles at a diſtance from 
the poles of diurnal Rotation; and if the In- 
ternal Nugleus be likewiſe a Magnet, having its 
Foles in two bther places diſtant alſo from the 
Axis 3 and theſe latter by a gradual and ſlow 
motion change their place in — — of the Ex- 
ternal; we may then give a reaſonable account 
of the four Magnetical Toles I preſume to have 
demonſtrated - before; as Hkewiſe of the 
changes of I . — Which tili 
a Kath Been uf tempt Wenn 1G 9 IH VI, 
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The Period of this motion being wonderful 
great, and there being hardly an hundred Years 
ſince theſe Variations have been daly obſerv'd, 
it will be very hard to bring this Hypotheſis to 
2 Calculus, eſpecially ſince, tho' the Variati- 
ons do inereaſe and decreaſe regularly in the 
ſame place, yet in differing places, at no great 
diſtance, there are found ſuch caſual Changes 
thereof as can no ways be accounted for by a 
regular Hypotheſis ; as depending upon the 
nnequal and irregular diſtribution of the Mag- 
neticab Matter within the ſubſtance of the ex- 
ternal Sbell or Coat of the Earth, which de- 
flect the Needle from the Poſition it would ac- 
quire from the effect of the general Magnetiſm 
of the whole. Of this the Variations at London 
and Paris give a notable inſtang?, for the Needle 
has been conſtantly about 193 more Eaſterly at 
Pais than at London; tho' it be certain that 
according to the general effect, the difference 
ought to be the contrary way: Notwithſtand- 
ing which the Variations in both places do 
changealike. i Gd 1 J 0240 | | 
Hence, and from ſome other of like Nature, 
conclude, That the two Poles of the exter 
Globe are fixt in the Earth, and that if the 
Needle were wholly govern'd by them, the Va- 
-riations thereof would be always the fame, with 
ſome little Arregularities upon the account I but 
ſt now mention d: But the internal Sphere 
having duch n gradual tranſlation of its Poles, ' 
does 10ftmence the Needle, and direct it vari- 
ouſly according to the reſult of the attractive 
ot directive Power of each Pole; and conſe- 
quently there muſt be a Period of the Revolu- 
tion of this internal Balli afte W fich the Va- 
ria tions will „ e. But ha 
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' ſhall in future Ages be obſerv'd otherwiſe, we 
muſt then conclude that there are more of theſe 
Internal Spheres, and more Magnetical' Poles 


than Four, which at preſent we have not a ſuf- 
ficient number of Ohſervation*$ to determine, | 
and particularly in that vaſt Mar del Zur, which 
occupies ſo great a part of the whole Surface of 


the Earth. 


If then two of the Poles be fixt and two move- 


able, it remains to aſcertain which they are 


that keep their place; and tho? I could wiſh we | 
had the experience of another Century of Years | 


to found our Concluſions upon, yet I think we 
may ſafely determine, That our European NorthPole 
. yhich inche precedent Diſcourſe I ſuppos'd near 
; theMeitdian of the Lands end bf. Exglam, and 
about / Degrees therefrom)is that That is move- 
able of the two Northern Poles, and that That 
has chieflly influencd the Variations in theſe 
arts of the World: For in Hud ſon's Bay, which 
is under the Direction of the American Pole, 
the change is not obſerv'd to /be near fo taſk; as 
in theſe parts of Europe, tho that Pole be much 
Farther removd from the Axis 
As to the Saurh Poles, I take the Afhn Pole, 
which I place about the Meridian of the Iſland 
Celebes to be the fixt, and conſequently: the A- 
menican pole to mou from tlie like Qbſerva- 
tions of the flow Deoreaſũ of he VMarint ion un 
the Codſt of Ja; and nbarothe Meridian of 
the Aſian Pole; tho muſt confeſs tb have no 
accoùnt of the effects of the other beyond A- 
gellam 8 Streighes. vi e ib es f. 
I this be allow'd me, tis plain that the xt 
Poles are ithe Poles ofothis: (External Bheli pr 
"Cortex of the Earth, and the other: twocthe 
Poles ef a: Magnetical Nurlews included; and 
1:90} | I moveable 
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moveable within the other. It likewiſe fol- 
lows, that this Motion is Weſtwards, and by 
conſequence that the aforeſaid Nucleus has not 
preciſely attained the ſame degree of Velocity 
with the exteriour Parts in their diurnal Revo- 
lution $ but ſo very nearly equals it, that in 365 
Revolves the difference is ſcarce ſenſible. This 
| conceive to ariſe from the Impulſe whereby 
this diurnal Motion was impreſt on the Earth, 
being, given to the external Parts, and from 
thence in time communicated to the Internal; 
but not ſo as perfectly to equal the Velocity of 
the firſt Motion impreſs'd on, and ſtill con- 
ſerv'd by the ſuperficial Parts of the Globe. 

As to the Quantity of this Motion it is al- 
moſt impoſſible to define it, both from the Na- 
ture of this kind of Obſervat ion, which can- 
not be very accurately perform'd, as alſo. from 
the ſmall time theſe Variations have been ob- 
ſerv'd, and their change diſcover'd. It ap- 
pears by all Circumſtances, that its Period is of 
many Centuries of Years, and as far as may be 
collected from the Change of the Place, where 
there was no Variation by reaſon of the Equi- 
libre of the two Southern Magnetical Poſeg, 
viz. from Cape 4 Agulhas to the Meridianof St. 
Helena (which is about 2387 in about ninty Years) 
and of the place where the Weſterly. Variation 

is in its «x4 or greateſt Deflection, bein 
about half ſo much, viz. from the Iſle of Diego 
Roi to the South Weſt Parts of Madagaſcar. * 
We may with ſome Reaſon conjecture, that the 
American Pole has mov'd Weſtwards fourty ſix 
Pegrees In that time, and that the whole Peri- 
od thereof 1s pei form'd in ſeven hundred Years, | 
er chereabouts; ſo that the nice Determination 
of this and of ſeveral other particulars in the 
5 E 2 Magnetick 
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Magnetick Syſtem is reſerv'd for remote Poſteri- 


ty; all that we can hope todo,is to leave behind 


us Obſervations that may be confided in, and | 
to propoſe Hypotheſis which after Ages may | 
examine, amend or refute. ” Only here I muſt | 
take leave to recommend to all Maſters of | 

hips and all others, Lovers of Natural Truths, 


that they uſe their utmoſt Diligence to make, 
or re to be made, Obſervations of theſe 


Variations in all parts of the World, as well in 
the North as South Latitude (after the laudable 
Cuſtom of our Eaſt-India Commanders) and 
that they pleaſe to communicate them to the | 


Royal Society, in order to leave as compleat a 
Hiſtory as may be to thoſe that are hereafter 
to compare all together, and to compleat and 
perfe& this abſtruſe Theory. / 

And by the way it will not beamiſs to amend 
a receiv d Error in the Practice of obſerving 


The Variation, which is, to take it by the Am- 


plitude of the Riſing and Setting Sun, when 
is Center appears in the viſible Horizon; 
whereas ke ought to be obſerv'd when his un- 
der Limb is ſtill above the Horizon about; of 
His Diameter, or twenty Minutes,upon the ſcore 
of the RefraQion, and the height of the Eye 
of the Obſerver above the Surface of the Sea : 
Or elſe they are to work the Amplitudes as 
they do the Azimuth, reckoning the Suns di- 
ſtance from the Zenith 909. 36“: This, tho' it 
be of little conſequence near the Equinoctial, 
will make a great error in high Latitudes, where 
the Sun riſes and ſets obliquely. 
But to return to our Hypotheſis, In order to 
explain the change of the Variations, we have 


adventur'd to make the Earth hollow and to 


place 
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place another Globe within it ; and I doubt not 
but this will fiad Oppoſers enough. I know 
*twill be Obje&ed, That there is no Inſtance in 
Nature of the like thing; that if there was 
ſuch a middle Globe it would not keep its place 
in the Centre, but be apt to deviate there-from, 
and might poſſibly chock againſt the Concave 
Shell, to the ruine, or at leaſt endammagi 
thereof; That the Water of the Sea woul 
perpetually leak through, unleſs we ſuppoſe the 
Cavity full of Water; That were it poſſible, 
yet it does not appear of what uſe ſuch an in- 
ward Sphere can be of, being ſhut up in eter- 
nal Darkneſs, and therefore unfit for the Pro- 
duction of Animals or Plants; with many more 
Objections, according to the Fate of all ſuch 
new Propoſitions. | 

To theſe, meal other that I can foreſee, I 
briefly Anſwer, That the Ring environing the 
Globe of Saturn is a notable Inſtance of this 
kind, as having the ſame common Center, and 
moving along with the Planet, without ſenſibly 
approachihg him on one ſide more than the o- 
ther. And if this Ring were turn'd on one of 
its Diameters, it would then deſcribe ſuch a 
Concave Sphere as I ſuppoſe our External one 
to bx, And ſince the Ring, in any Poſition 
given, would, in the ſame manner, keep the 
Centre of Saturn in its own, it follows, that 
ſuch a Concave Sphere may move with another 
included in it, having the ſame common Cen- 
tre. Nor can it well be ſupposd otherwiſe, 
conſidering the Nature of Gravity; for ſhould 
theſe Globes be adjuſted once to the ſame com- 
mon Centre, the Gravity of the parts of the 
Concave would preſs equally towards the Cen- 
tre of the ianer Ball, which equality muſt necel- 
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ſarily continue till ſome external Force diſturb | 


it, which is not eaſie to imagine in our caſe. 
This perhaps I might more intelligibly expreſs, 


by ſaying that the inner Globe being poſited in | 
the Centre of the Exterior, muſt neceſſarily | 
aſcend which way ſoever it move; that is, it | 
mult overcome the force of Gravity preſſing, | 
towards the common Centre, by an impulſe it | 
mult receive from ſome outward Agent; but 
all outward Efforts being ſufficiently fencd a- 
gainſt by the Shell that ſurrounds it, it follows, | 


that this Nucleus being once fixt in the common 
Centre, muſt alwas there remain. 
As to the leaking of the Water through this 
Shell, when once a paſſage ſhall he found for it 
to run through, I muſt confeſs it is an Objecti- 
on ſeemingly of weight; but when we conſider 
how tightly great Beds of Chalk or Clay, and 
much more Stone do hold Water, and even 
Caves arch'd with Sand ; no Man can doubt 
but the Wiſdom of the Creator has provided 
for the Macrocoſm by many more ways than! 
can either imagine or expreſs, eſpecially ſince we 
ſee the admirable and innumerable Contrivan- 
ces wherewith each worthleſs Individual is fur- 
niſh'd both to defend itſelf and propagate its 
Species. What Curioſity in the Structure, what 
Accuracy in the Mixture and Compoſition of 
the parts ought not we to expect in the Fabrick 
of this Globe, made to be the laſting Habita- 
tion of ſo many various Species of Animals, in 
each of which there want not many Inſtances 
that manifeſt the boundleſsPower and Goodneſs 
of their Divine Author; and can we then think 
it a hard ſuppoſition that the Internal Parts oi 
this Bubble of Earth ſhould be replete with 
ſuch Saline and Vitriolick Particles as may 5 
* tribute 
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tribute to Petrifaction, and diſpoſe the tranſu- 

ding Water to ſhoot and coagulate into Stone, 

ſo as continually to fortifie, and, if need were, 
to conſolidate any breach or flaw in the Con- 
cave ſurface of the Shell. 

"And this perhaps may not without reaſon be 
ſuppos'd to be the final Cauſe of the admixture 
of the Magnetical Matter in the Maſs of the 
Terreſtial parts of our Globe, viz. To make 
good and maintain the Concave Arch of this 
Shell: For by what the excellent Mr. Newton 
has ſhewn in his Principia Philoſophie, it will fol- 
low, that according to the general Principle of 
Gravity, viſible throughout the whole Uni- 
verſe, all thoſe Particles that by length of time 
or otherwiſe,ſhall moulder away or become looſe 
on the Concave Surface of the External Sphere, 
would fall-in, and with great force deſcend on 
the Internal, unleſs thoſe Particles were of an- 
other ſort of Matter capable by their ſtronger 
tendency to each other, to ſuſpend the force of 
Gravity; but we know no other Subſtances 
capable of ſupporting each other by their mutu- 
al Attraction but the Magnetical, and theſe we 
ice miraculouſly to perform that Office, even 
where the Power of Gravity has its full effect, 
much more within the Globe where it is weaker. 
Why then may wenot ſuppoſe theſe ſaid Arches 
to be lin'd throughout with a Magnetical Mat- 
ter, or rather to be one great Concave Mag- 
net, whoſe two Poles are the Poles we have be- 
fore obſerv'd to be fixt in the Surface of our 
Globe. 

Another Argument, favouring this Hypo- 
theſis, is drawn from a Propoſition of the fame 
Mr. Newton, where he determines the force 
wherewith the Afoou moves the Soc ta produc- 
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ing the Tides: His words are, Denſit as Lane eſt 
denſitatem Terre ut 680 ad 387 ſeu 9 ad 5 
quamproxime. Eſt igitur corpus Lune denſius ac 
magis tereſtre quam Terra noſtra, p. 466. Now 
if the Moon be more folid than the Earth, as 


9 to 5g, why may we not reaſonably ſuppoſe the 


Moon, being a ſmall Body and a Secondary 
Planet, to be ſolid Earth, Water, Stone, and 
this Globe to conſiſt of the ſame Materials, on- 
ly four Ninths thereof to be Cavity, within 
and between the internal Spheres z which I 
would render notimprobable. 

To thoſe that ſhall enquire of what uſe theſe 
included Globes dan be, it muſt be allow'd, 
that they can be of very little ſervice to the In- 
habitants of this outward World, nor can the 
Sun be ſerviceable to them, either with: his 
Light or Heat. But ſince it is now taken for 
granted, that the Earth is one of the Planets, 
and they all are with reaſon ſuppos'd Habitable, 
though we are not able to define by what ſort 
of Animals; and ſince we ſee all the parts of 
the Creation abound with Animate Beings, as 
the Air with Birds and Flies, the Water with 
the numerous varieties of Fiſh, and the very 
Earth with Reptiles of ſo many forts; all 
whoſe ways of Living would be to us incredible 
did not daily Experience teach us. Why then 
ſhould we think it ſtrange that the prodigious 
Maſs of Matter, whereof this Globe does con- 
ſiſt, ſhould be capable of ſome other improve- 
ment than barely to ſerve to ſupport its Sur- 
face ? Why may not we rather ſuppoſe that the 
excceding ſmall quantity of ſolid Matter in re- 
ſpe& of the fluid Xther, is ſo diſpos'd by the 
Almighty Wiſdom, as to yield as great.a Sur- 
face for the uſe of living Creatures, as can con- 
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ſiſt with the conveniency and ſecurity of the 
whole ? We our ſelves, in Cities where we are 
preſſed for room, commonly build many Sto- 
ries one over the other, and thereby accommo- 
date a much greater multitude of Inhabitants. 
But ſtill it will be ſaid, that without Light there 
can bo no living, and therefore all this appara- 
tus of our inward Globes muſt be uſeleſs : To 
this I Anſwer, That there are many ways of 
producing Light which we are wholly ignorant - 
of; the Medium itſelf may be always luminous 
after the manner of our Ines fatui. The Con- 
cave Arches may in ſeveral places ſhine with 
ſuch a Subſtance as inveſts the Surface of the 
Sun; nor can we, without a boldneſs unbecom- 
ing a Philoſopher, adventure to aſſert the im- 


poſſibility of peculiar Luminaries below, of 


which we have no ſort of Idea. Iam ſure the 
Poets Virgil and Claudian have gone before me 
in this Thought, inlightning their Elyſian Fields 
with Sun and Stars proper to thoſe infernal, or 
rather internal, Regions. Virg. Æneid. 6. 


Largior hic compos eAither & lumine ueſtit. 
Purpureo; Solemque ſuum ſua Sideranorunt. 


And Claudianlib. 2. De Raptu Proſerpinæ. 
Amiſſum ne crede diem, ſunt altera nobis 


Sidera, ſunt orbes alii, lumenque videbis 
Purins, Elyſiumque mag is mirabere Solem. 


And tho? this be not to be eſteem'd as an Ar- 
gument, yet I may take the liberty I ſee others 
do, to quote the Poets when it makes for my 


purpoſe. af 


Laſtly, 
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Laſtly, To explain yet farther what I mean, 1 


have adventur'd toadjoin the following Scheme, 


(Table 1. Fig. 3.) wherein the Earth is repreſented 
by the ontward Circle, and the three inward 
Circles are made nearly proportionable to the 
Magnitudes ofthe Planets Venus, Mars and Mer - 


cy, all which may be included within the Globe 
of Earth, and all the Arches more than ſufficient- 


ly ſtrong to bear their weight. The Concave 
of each Arch, which is ſhaded differently from 
the reſt, I ſuppoſe to be made up of Magnetical 


Matter; and the whole to turn about rhe ſame 


common Axis p, p, only with this difference, 
that the Outer Sphere ſtill moves ſomewhat 


faſter than the Inner. Thus the Diameter of 


the Earth being about eight thouſand Engliſh 
Miles, I allow five hundred Miles for the thick- 
neſs of its Shell, and another ſpace of five hun- 
dred Miles for a Medium between, capable of 
an immenſe Atmoſphere for the uſe of the Globe 
of Venus: Venus again I give a Shell of the 
ſame thickneſs, and leave as great a ſpace be- 
tween her Concave and Mars; fo likewiſe from 
Mars to Mercury, which latter Ball we will ſup- 
poſe ſolid, and about two thouſand Miles Dia- 
meter. Thus I have ſhew'd a poſlibility of a 
much more ample Creation, than has hitherto 
been imagin'd ; and if this ſeem ſtrange to 
thoſe that are unaquainted with the Magneti- 
cal Syſtem, 1t is hop'd that all ſuch will endea- 
vour, firſt, to inform themſelves of the Mat- 
ter of Fact, and then try if they can find out 
a more ſimple Hypotheſis, at leaſt a leſs ah- 
ſurd, even 1n their own Opinions. And where- 
as I have adventur'd to make theſe Subterrane- 
ous Orbs capable of being Inhabited, *twas done 


deſiggedly for the ſake of thoſe who will be apt 
| to 
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to ask cui bono, and with whom Argument; 
drawn from Final Cauſes prevail much. If this 
ſhort Eſſay ſhall find a kind acceptance, I ſhall - 
be encourag'd to _— farther, and to Poliſh / 


this rough Draft of a Notion till hitherto not 
ſo much as ſtarted in the World, and of which 
we could have no Intimation from any other of / 
the Phenomena of Nature. 

Since this was written, a Diſcovery I have 
made in the Celeſtial Motions, ſeems to ren- 
der a farther account of the Uſe of the Cavity 
of the Earth, viz, To diminiſh the Specifick 
Gravity thereof in reſpect of the Moon; for I 
think I can demonſtrate that the Oppoſition of 
the ther to the Motions of the Planets in 
long. time becomes ſenſible ; and conſequently 
the greater Body muſt receive a leſs Oppoſition 
than the ſmaller, unleſs the Specifick Gravity 
of the ſmaller do proportionably exceed that 
of the greater, in which caſe only they can 
move together; ſo that the Cavity I aſſign in 
the Earth, may well ſerve to adjuſt its weight 
to that of the Moon ; for otherwiſe the Earth 
would leave the Moon behind it, and ſhe become 
another Primary Planer. 


* 9 


Miſcellanea Cur:oſa. 61 


* 8 — 


— 


An Hiſtorical Account of the Trade 
Winds and Monſoons, obſervable 
in the Seas between and near the 
Tropicks, with an attempt to aſ- 


ſign the Phyſical Cauſe of the ſaid 
Winds, by Mr. Ed. Halley. 


N exact Relation of the conſtant and Pe- 
riodical Winds, obſervable in ſeveral 
Tracts of the Ocean, is a part of Natural Hi- 
ſtory not leſs deſireable and uſeful, than it is 
difficult to obtain, and its Phenomena hard to 
explicate: I am not ignorant that ſeveral Wri- 
ters have undertaken this Subject, and altho? 
Varenius (Lib. 1. Chap. 21. Geo. Gen.) ſeems to 
have endeavour'd after the beſt information 
from Veyagers, yet cannot his accounts be ad- 
mitted for accurate, by thoſe that · ſhall atten» 
tively conſider and compare them together, and 
ſome of them are moſt evident miſtakes; 
which, as near as I can, I ſhall attempt to recti- 
fy, having had the opportunity of converſing 
with Navigators acquainted with all parts of 
India, and having liv'd a conſideable time be- 
tween the Tropicks, and there made my own Re- 
marks. of 6:1 lf 
The Subſtance of what I have collected is 
briefly as follows. 

The Univerſal Ocean may moſt properly 
divided into three Parts, viz. 1. The Atlantic 
and Athiopic Sea. 2. The The Indian _ 

2 3. The 
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3. The Great South Sea, or the Pacifick, Ocean; 
and tho? theſe Seas do all communicate by the 
South, yet as to our preſent purpoſe of the 
Trade Winds, they are ſufficiently ſeperated by 


the interpoſition of great Tracts of Land; the I 


firſt lying between Africa and America, the ſe- 
cond between Africa, and the Indian Iſlands and 
Hollandia Nova; and the laſt between the Phi- 
lippine Iſles, China, Japan and Hollandia Nova 
on the Weſt, and the Coaſt of America on the 
Eaft. Now following this natural diviſion of 
the Seas, ſo will we divide our Hiſtory 1nto 
three parts in the ſime order. 


I. In the Arlantick and eAfthiopick Seas be- 
tween the*Tropichs, there is a general 'Eafterly 
Mind,] ulf the Year long, without any tonſider- 
able: Variztion, exceptins that it is ſubject to 
e deflected there- from, ſome few Points of the 
Compaſs towards the North or South, accord- 
ing to the Poſrtion of the place. The Obſer- 
vations which have been made of theſe Deflecti- 
ons, Are the following. me 
That Hear! the Coaſt of Africa, as ſoon 
as Jo have paſs'd the Canary Iſles you are ſure 
to meet a freſu Gale of NM EF. Wind about the 
Latitude af 28 Degrees North, which ſeldom 
comes to the Eaſtwards of the E. N. E. or paſ- 
ſes te W. M. E. This Wind accompanies thoſe 
bound to che 'Southward, to the Latitude of 


ten North, and about a hundred Leagues from 


the Guinea Coaſt, Where, till the fourth De- 
gree of North Latitude, they fall into fte 
Calmes and Tornadoes, of which more herc- 


2. That 
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2. That thoſe bound to the Caribbe Illes, find, 
as they approach the American ſide, that the 
afore-ſaid North-Eaſt Wind, becomes ſtill more 
and more Eaſterly, ſo as ſometimes to be Eaſt, 
ſometimes Eaſt by South, but yet moſt com- 
monly to the Northward of the Eaſt a Point 
or two, ſeldom more. *Tis likewiſe obſerv'd, 
that the ſtrength of theſe Winds does gradual- 
ly decreaſe; as you ſail to the Weſtwards. 

3. That the limits of the Trade and vari- 
able Winds, in this Ocean, are farther extend- 
ed on the American ſide than the African; for 
whereas you meet not with this certain Wind 
till after you have paſsd the Latitude of twen- 
ty eight degrees on this ſide z on the American 
tide it commonly holds to thirty, thirty one, 
or thirty two degrees of Latitude; and this is 
verified likewiſe to the Southwards of the E- 
qoinoctial, for near the Cape of Good- Hope the 
limits of the Trade Winds, are three or four 
Degrees nearer the Line, than on the Coaſt of 
eie. i 1507 © 405375549 amo 10 Zo itt 
4. That from the Latitude of four Degrees 
North, to the afore - ſaid Limits on the South 
of the Æquator, the Winds are generally and 
perpetually between the South and Eaſt, and 
moſt commonly between the South-Eaſt and 
Eaſt, obſerving always this Rule, that on the 
African tide they àre more Southerly, on the 
Nraſilian more Eaſterly, ſo as to become almoſt 
due Eaſt, the little deflection they have being 
ftilt to the Southwards. In this part of the 
Ocehn it has been my fortune to paſs a full 
Year, in an Employment that oblig'd me to re- 
gard more than ordinary the Weather; and I 
found the Winds conſtantly about the South- 
Eaſt, the moſt nſuall Point SE UE zrhen it 


oe was 
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was Eaſterly it generally blew hard, and was 
loomy, dark, and ſometimes rainy Weather; 
if it came to the Southwards it was generally 
Serene, and a ſmall Gale next to a Calm, but 
this not very common. But I [never ſaw it to 
the Weſtwards of the South, or Northwards of 
the Eaſt. | 
J. That the Seaſon of the Year has ſome 
ſmall effect on theſe. Trade Winds, for that 
when the Sun is conſiderable to the 'North- 
wards of the Æquator, the South-Eaſt Winds, 
eſpecially in the Straight of this Ocean (if I 
may ſo call it) between Braſile and the Coaſt of 
Guinen, do vary a Point or two to the South- 
wards, and the North-Eaſt become more Eaſter- 
ly zo and on the contrary, when the Sun is to- 
wards: the Tropick of Capricorn the South- 
Eaſterly Winds become more Eaſterly; and the 
North»KaſterlyWinds on this fide the Line vere 
more to the Northwards. x 
8. That as there is no general Rule that ad- 
mits not of ſome exception, ſo there is in this 


" Qcean'a Tract of Sea wherein the Southerly 


and South-Weſt Winds are perpetual; vital 
along the Coaſt of Guwnea, for above five hun- 
dred Leagues together, from Sierra Leona to 
the Iſle of St. Thomas; for the South-Eaſt Trade 
Wind having paſs'd the Line, and approach- 
ing the Coaſt of Guinea within eighty or too 

inclines towards: the Shore and be- 
nearer, it veres about to South, S. S. Weſt, and 
in with the Land South-Weſt, and ſometimes 
Weſt South-Weſt; which Variation is better ex- 


| bteſs'd in the Mapp hereto annexed, (Jide Plate 
A) than: iti can well be in words. Theſt are the 


Winds which: are obſerud on this Coaſt 15 it 
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blows true, but there are frequeut Calms, Vio- 
lent ſuddain Guſts calFd Tornados, from all 
Points of the Compaſs, and ſometimes un- 
wholſome foggy Eaſterly Winds call'd Hermit aa 
by the Natives, which too often infeſt the Na- 
vigation of theſe parts. | 

7. That to the Northwards of the Line, be- 
tween f6ur and ten Degrees of Latitude, and 
between the Meridians of Cape Virde, and of 
the Eaſtermoſt Iilands that bear that Name, 
there is a Tra& of Sea wherein it were impro- 
per to ſay there is any Trade Wind, or yet a 
Variable; for it ſeems condemn'd to perpetual 
Calms, attended with terrible Thunder and 
Lightning, and Rains ſo frequent, that our 
Navigators from thence. call this part of the 
Sea the Razns; the little Winds that are, be 
only ſome ſuddain uncertain Guſts, of very lit- 
tle continuance and leſs extent; ſo that ſome- 
times each hour you ſhall have a different Gale, 
which dies, away into a Calm before another 
ſucceed, and in a Fleet of Ships in fight of one 
another, each ſhall have the Wind from a ſeveral 
Point of the Gompaſs ; with theſe weak Brizes 
Ships are oblig'd tomake the beſt of their way 
to the Southward through the afore-ſaid fax | 
Degrees, wherein *tis reported ſome have been 
detain'd whole Months for want of Wind. 
From the three laſt obſervables is ſhewn the 
Reaſon of two notable Occurents in the Eaſt- 
India and Guinea Navigations: The one is; 
why, notwithſtanding the narroweſt part of the 
Sea between Guinea and Braſile be about five 
hundred Leagues over, yet Ships bound to the 
Southward ſometimes, eſpecially in the Months 
of July and Auguſt, find a great difficulty to 
paſs it. This - happens becauſe of the wa 
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Eaſt Winds, at that time of the Year com- 
monly extending ſome Degrees beyond the or- 
dinary limit of four Degrees North Latitude, 
and withal they come ſo much Southerly, as to 
be ſometimes South, ſometimes a Point or two 
to the Weſt ; there remains then only to ply 
to Wind-ward, and if on the one fide they 
ſtand away W. S. W. they gain the Wind till 
more and more Eaſterly, but there is danger of 
not weathering the Braſilian Shore, or atleaſt 
the Shoals upon that Coaſt. But if upon the o- 
ther Tack they go away E. S. E. they fall into 
the Neighbourhood of the Coaſt of. Guinea, 
from which there is no departing without run- 
ning Eaſterly, as far as the Iſle of St. Thomas, 
which is the conſtant Prone of all the Guiny 
Ships, and which may* very ſtrange with- 
out the / conſideration ' of the ' ſixth Remark, 
+ Which ſhews the reaſon of it: For being in with 
the Coaſt, the Wind blows generally at S. W. 
and .W. S. W. with which Winds they cannot 
go to the Northward for the Land, and on the | 
other Tack they can lie no nearer the Wind 


| 
| 
| 
| 


than S. S. E. of South; with theſe Courſes 

they rut off the Shore, hut in ſo doing they al- 

ways find the Winds more and more contrary; 

ſo that when near the Shore they could lie 8 

South, at a greater diſtance they can make their 1 

way no better than S. E. and afterwards E. S. E. F 
with which courſes they fetch commonly the t 

Iſle of St. Thomas ànd Cape Lopez, where find- r 

ing the Winds to the Eaſtward of the South, 0 


they keep them favourable by running away to fi 
the Weſtward in the South Latitude, of three le 
or four Degrees, where the S. E. Winds are a 
rpetual. ITY, DH END tl 
For the ſake of theſe general 9 - ac 
fs thoſe 
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thoſe that uſe the Veſt - Indian Trade, even thoſe 
bound to Virginia, count it their beſt courſe to 
get as ſoon as they can to the Southwards, that 
ſo they may be certain of a fair and freſh Gale 
to run before it to the Weſtwards ; and for the 
ſame reaſon thoſe homewards bound from A- 
merica, endeavour to gain the Latitude of thirty 
Degrees, as ſoon as poſſible, where they firſt 
find the Winds begin to be Varlahle; though 
the moſt ordinary Winds in the Northern part 
of the Atlantic Ocean come from between the 
South aud Weft. | 
As to thoſe furious Storms call'd Hurricanes, 
which are, as it were, peculiar to the Caribbe 
Iſles z and which ſo dreadfully afflict them in 
the Month of Auf, or not much before or 
after, they do not ſo properly belong to this 
place, both by reaſon. of their ſmall continu- 
ance and” extent, as likewiſe becauſe they are 


not Anniverſary, ſome Years having more than 


one, and ſometimes for ſeveral Years together 


there being none at all. But their Violence is 
ſo unconceivable, and their other Phenomena 


ſo april that they merit well to be con- 


ſider” 


Sea Winds at ſome diſtance from the Land; for 
upon and near the Shores, the Land and Sea 
Brizes are almoſt, eyery where ſenſible; and 
the great Variety which happens in their Pe- 
riods, Force and Direction, from the ſituation 
of the Mountains, Vallies and Woods, and 
from the various Texture of the Soil, more or 
leſs capable of retaining and reflecting Heat, 
and of exhaling or condenſing Vapours is ſuch, 
that it were an endleſs task, to endeavour to 
account for them. | 

Tm. II. In 


apart. Pal 
What is here ſaid, is to be underſtood of the 


* 
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II. In the Indian Ocean, the Winds are part- 
ly general, as in the eg vg partly 
Periodical, that is, half the Year they blow one 
way, and the other half near upon the oppo- 
ſite Points; and theſe Points and Times of 


/ ſhifting are diffeent in different parts of this 


Ocean; the limits of each tract of Sea, ſubje& 


to the ſame change or Monſoon, are certainly ve- 
ry hard to determine, but the diligence I have 


uſed to be rightly inform'd, and the care I have 
taken therein, has, in a great meaſure, ſur- 
mounted that difficulty, and I am perſwaded 
that the following particulars may be relied 
upon. | 

25 That between the Latitudes of ten De- 
grees and thirty Degrees South, between Ma- 
dagaſcar and Hollandia Nova, the general Trade 


Wind about the S. E. by E. is found to blow all 
the Year long, to all Intents and Purpoſes af- 


ter the ſame manner as in the ſame Latitudes 
in the AÆAthiopick Ocean, as it is deſcribed in 
the fourth Remark aforeging. 

2. That the aforeſaid S. E. Winds extend to 
within two Degrees of the eAquator, during 
the Months of June, July, Auguſt, &c. to No- 
vember, at which time between the South 1 Lati- 
tudes of three and ten Degrees, being near the 
Meridian of the North end of Madagaſcar, 
and between two and twelve South Latitude, 
being near Sumatra and Java, the contrary 
Winds from the N. W. or between the 
North and Weſt, ſet in and blow fot half the 
Year, viz. from the beginning of December till 


May; and this Monſoon is obſerv'd as far as the 
Moelucca Iſles, of which more anon. 


J. That 


0 — oO 5 


228.3 $—- E232 Y Y PTY 


EMT Were rH. 


Miſcellanea Curioſa. 69 


3. That to the Northward of three Degrees 


South Latitude, over the whole Arabian or 
Indian-Sea and Gulph of Bengall, from Sumatra 


to the Coaſt of Africa, there is another Mon- 


ſoon, blowing from October to April upon the 
North Eaſt Points; but in the other half Year, 
from April to October, upon the oppoſite Points 
of S. W. and W. S. W. and that with rather 
more force than the other accompanied with 
dark rainy Weather, whereas the N. E. blows 
clear; *tis likewiſe to be noted, that the Winds 
are not ſo conſtant, either in ſtrength or point 
in the Gulph of Bengall, as they are in the In- 
dian-Sea, where a certain and ſteady Gale ſcarce 
ever fails. *Tis alſo remarkable, that the 8. 
W. Winds in theſe Seas are generally more 
Southerly on the African ſide, more Weſterly 
on the Indi an. | ** 
4. That as an Appendix to the laſt deſcribed 
Monſoon, there is a Tract of Sea to the South- 
wards of the Æquator, ſubject to the ſame 
changes of the Winds, viz. near the African- 
Coaſt, between it\and the Iſland Madagaſcar or 
St. Laurence, and from thence Northwards as 
far as the Line; wherein from April to October 
there is found a conſtant freſh S. S. W. Wind, 
which, as you go more Northerly, becomes 
ſtill more and more Weſterly, ſo as to fall in 
with the W. S. W. Winds, mention'd before, in 
thoſe Months of the Year to be certain to the 
Northward of the Æquator: What. Winde 
blow in wo Seas, for the other half Year, 
from October to April, I have not yet been able 


to obtain to my full ſatisfaction, for that out 
Navigators always return from India without 
Madagaſcar, aud ſo are little acquainted in this 
matter; the Account that has been given me 15 
only 
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only this, that the Winds are much Eaſterly 
hereabouts, and as often to the North of the 
true Eaſt as to the Southwards thereof. 

5. That to the Kaſtward of Sumatra and 
Malacca, to the Northwards of the Line, and 
along the Coaſt of Camboia and China, the 
Monſoons blow North and South, that is to ſay, 
the N. E. Winds are much Northerly, and the 
S. W. much Southerly: This Conſtitution 
reaches to the Eaſtwards of the Philippine Illes, 
and as far Northerly as Japan. The Northern 
Monſoon ſetting in, in theſe Seas, in October or 
November, and the Southern in May, blowing 
all the Summer Months: Here it is to be not- 
ed, That the Points of the Compaſs, from 
whence the Wind comes in theſe Parts of the 
World, are not ſo fixt as in thoſe lately deſcrib'd; 


for the Southerly will frequently paſs a Point or 
two to the Eaſtwards of the South, and the 
Northerly as much to the Weſtwards of the 
North, which ſeems occaſion'd by the great 


quantity of Land which is interſpers'd in theſe 
Scas. b | 

6.: That in the fame Aderidians, but to the 
Southwards of the quator, being that Tract 
lying between Sumatra and Java tothe Weſt, 
and New Guinea to the Eaſt, the ſame Norther- 
ly Monſoons are obſerv'd, but with this differ- 
ence, that the inclination of the Northerly is 
towards the N. W. and of the Southerly to- 
wards the S. E. but the plage venti are not more 
conſtant. here than in the former, zz. variable 
five or ſix Points:; beſides the times of the 
Change of theſe Winds, are not the ſame as 


in the Chineſe Seas, but about a Mouth or fix 
Weeks later. 


7, That 
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7. That theſe contrary Winds do not ſhift all at 
2 once, but in ſome places the time of the change 
is attended with Calms, in others with variable 
4 Winds; and it is particularly remarkable, that 
4 the end of the Weſterly Monſoon on the Coaſt 
e of Coromandel, and the two laſt Months of the 
7, Southerly Monſoon in the Seas of China are very 
* ſubject to be tempeſtuous: The violence of 
m theſe Storms is ſuch, that they ſeem to be of 
Ss, the Nature of the Weſt-India Hurricanes, and 
-N render the Navigation ↄf theſe parts very un- 
I ſafe about that time of the Year. ; Theſe Tem- 
1g — are by our Seamen uſually term'd, The 
t- reaking up of the Monſoons. _ 
m By reaſon of the ſhifting of theſe Winds, all 
he thoſe that ſail in theſe Seas, are oblig'd to ob- 
d. ſerve the Seaſons proper for their Voyages, and 
— ſo doing they fail not of a fair Wind and ſpeedy 
he Paſlage ; but if ſo. be they chance to out-ſtay 
he their time till the contrary Monſoon ſet in, as it 
eat frequently happens, they are forc'd to give o- 


eſe ver the hopes of accompliſhing their intended 

Voygges, and either return to the Port from 
the whence they came, or elſe put in to ſome other 
at Harbour, there to ſpend the time till the Winds 
ſt, ſhall come favourable. | | 


er- III. The third Ocean call'd dare Paciſicum, 
y is whoſe extent is equal to that of the other two 
to- (it being from the Weſt Coaſt of America to the 
ore Philippine Iſla nds, not leſs than 150 Degrees ot 
ble Longitude) is that which is leaſt known to our 
the own or the Neighbour Nations; that Naviga- 
as tion that there is on it, is by the Sp, who | 


fix go Yearly from the Coaſt of New Spain to the 
Manilha's, but that but by one beaten track; fo - 

a that I cannot. be. ſo particular here as in the o- 
hat F & ther 
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ther two. What the Spaniſh Authors ſay of the 
Winds they find in their Courſes, and what is 
confirm'd by the old Accounts of Drake and 
Candiſh, and ſince by Schooten, who ſail'd the 
whole breadth of this Sea in the Southern Lati- 
tude of fifteen or ſixteen Degrees, is, that there 
is a great conformity between the Winds of this 
Sea, and thoſe of the Arlantick and AÆthiopick; 
that 1s to ſay, that to the Northwards of the 
Aquator, the predominant Wind is between 
the Eaſt and North-Eaft, and to the South- 
; wards thereof there is a conſtant ſteady Gale be- 
tween the Eaſt and South-Eaſt, and that on 
both ſides the Line with ſo much conſtancy, 
that they ſcarce ever need to attend the Sails, 
and Strength, that it is rare to fail of croſſing 
this vaſt Ocean in ten Weeks time, which is a- 
bout 130 Miles per die m; beſides *tis ſaid that 
Storms and Tempeſts are never known in theſe 
parts: Se that here is the very beſt of Sailing; 
no want of a freſh fair Wind, and yet no danger 
of having too much: Wherefore ſome have 
thought it might be as ſhort a Voyage to Ja- 
pan and China, to go by the Streights of Magel- 
lan, as by the Cape of Good-Hope. 

The limits of theſe general Winds are alſo 
much the ſame as in the Azlantick, Sea, vir, a- 
bout the thirtieth Degree of Latitude on both 
ſides; for the Spaniards homewards bound 
from the Manhila's, always take the advantage 
of the Southerly Monſoon, blowing there in the 
Summer Months, and run up to the North- 
wards of that Latitude, as high as Japan, be- 
fore they meet with variable Winds, to ſhape 
their Courſe to the Baſtwards. And Schoorer 
and others that have gone about by the. Magel- 
fan Streights, have found the limits of 8. E. 
| "= * Winds, 
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Winds, much about the ſame Latitude to the 
Southwards ; beſides a farther Analogy between 
the Winds of this Ocean, and the <Athropick, 
appears in that, upon the Coaſt of Peru, they 
are always much Southerly, like as they are 
found near the Shores of Angola. 
Thus far Matter of Fact, wherein if the in- 
formation J have receiv'd be not in ali parts 
Accurate, it has not been for want of inquiry 
from thoſe I conceiv'd beſt able to inſtruct me; 
and I ſhall take it for a very great Kindneſs if a- 
ny Maſter of a Ship, or other Perſon, well in- 
form'd of the Nature of the Winds, in any of 
the aforementioned parts of the World, ſhall 
pleaſe to communicate their Obſervations there- 
upon; ſo that what I'have here Collected may 


be either confirm'd or amended, or by the ad- 


dition of ſome material Circumſtances enlarg'd. 
It is not the work of one, nor of few, but of a 
multitude of Obſervers, to bring together the 
experience requiſite to compoſe a perfect and 
compleat Hiſtory of theſe Winds; however I 
am not much doubtful that I have err'd in, or 
omitted any of the principal Obſervables, what- 
ever leſſer particulars may have. eſcaped my 
knowledge. Ae een n 
To help the Conception of the Reader in a 
manner of fo much difficulty, Ibeliev'd it neceſ- 
ſary to adjoin a Scheme, Plate 2. ſhewing at one 
view all the various Tracts and Courſes of theſe 
Winds; whereby *tis poſſible the thing may be 
better underſtood, than by any verbal Deſerip- 
tion whatſoever. 111. n fl 
The Limits of theſe ſeveral Tracts are de- 
ſigned every where by prickt Lines, as well in 
the Atlantick aa thiopick, where they are 
the boundaries de and variable Winds, 
| as 
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as in the Jadian Ocean, where they alſo ſhew 
the extent of the ſeveral Afonſoons. I could 
think of no better way to deſign the courſe of 
the Winds on the Map, than by drawing rows 
of ſtroaks in the ſame, Line that a Ship would 
move going always before it; the ſharp end of 
each little ſtroak potnting out that part of the 
Horizon, from whence the Wind continually 
comes; and where there are Monſoons, the 
rows of the ſtroaks run alternately backwards 
and ſorwards, by which means they are thicker 
there than elſewhere. As to the great South 
Sea, confiderinp its vaſt extent, and the little 
Variety there is in its Winds, and the great 
Analogy between them, and thoſe of the Arlan- 
tick and e/Ethiopick Oceans; belides that the 
greateſt part thereof is wholly..unkaown to us; 
thought it unneceſſary to lengthen the Map 
therewith. :- ;- - bow: ef | 

In the foregoing Hiſtory are contained ſeve- 
ral Problems, that merit well the Conſideration 
of our acuteſt Naturaliſts, both by reaſon of the 
conſtancy. of the Effect, and of the immenſe 
Extent thereof; near half the Surface of the 
Globe. being concerned. The chief of theſe 
Problems are, 1. Why theſe Winds are perpe- 
tually from the Eaſt in the Ai lantick and Terhi 
pick, as likewiſe in the Pacifick. Ocean, between 
the Latitudes of 30 North and South. 2. Why 
the ſaid Winds extend no farther with Conſtan- 
cy than to the Latitudes of 30 deg. 3. Why 
there ſhould be a conſtant Sputh-weſterly Wind 
upon and near the Coaſt of Guinea. 4. Why in 
the North part of the Indian Ocean the Winds, 
which for one half year do agree with thoſe of 
the other two Oceans, ſhould change iu the o- 


ther half Year, and blow from the oppoſite 
; Points 
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Points; whilſt the Southern part of that Ocean 
follows the General Rule, and has perpetual 
Winds about S. E. 5. Why in theſe General 
Trade-Winds it ſhould be always true, that to 
the Northward of the Æuator it is inclined to 
the Northwards of the Eaſt ;- and in South La- 
titudes, to the Southward thereof. ': 6. Why in 
theſe Seas of China there ſhould be ſo great an 
Inclination from the Eaſt to the North, more 
than elſewhere ; with many more, which it 
would be much eaſier to propoſe than anſwer. 
But leſt I ſhould ſeem to propoſe:to others, 
difficulties which J have not thought worth my 
own time and Pains, take here the reſult of an 
earneſt Endeavour after the true reaſon of the 
aforeſaid Phenomena, wherein if 1 am not able 
to account for all Particulars, yet tis hoped the 
Thoughts I have ſpent: thereon; will not be 
judged wholly loft, by the curious in Natural 
Enquiries. dini! e 507 Jo 
Wind is moſt properly defined to: be the 
Stream or Current of the Air, and where ſuch 
a Current is perpetual and fixt in its courſe, tis 
neceſſary that it proceed from a 2 un- 
intermitting Cauſe. Wherefore ſome have been 
inclined to propoſe the diurnal Roration of the 
Earth upon its Axis, by which, as the Globo 
turns Eaſtwards, the looſe and fluid Particles 
of the Air, being ſo exceeding light as they be, 
are left behind, ſo that inlreſpect of the Earths 
Surface they move Weſbwards; and become A 
conſtant Eaſterly- Wind. This Opinion ſeems 
confirmed, for that theſe Winds are found only 
near the AÆquinoctial, in thoſe Parallels of Lati- 
tude where the diurnal Motion is ſwifteſt; and 
| ſhould readily aſſent to it; if the conſtant 
Calms in the Atlantitł. Sea; near the „ 
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the Weſterly Winds near the Coaſt of Guiny ; 
and the Periodical Weſterly Monſoons under 
the Æquator in the Indian Seas, did not declare 
inſufficiency of that Hypotheſis. Beſides the Air 
being kept to the Earth by the Principle of 
Gravity, would acquire the ſame degree of Ve- 
locity that the Earths Surface moves with, as 
well in reſpect of the diurnal Rotation, as of the 
Annual about the Sun, which is about thirty 
times ſwifter. 

It remains therefore to ſubſtitute ſome other 
cauſe, capable of producing a like conſtant et- 
fect, not liable to the ſame Objections, but a- 
greable to the known Properties of the Ele- 
ments of Air and Water, and the Laws of the 
Motion of fluid Bodies. Such an one is, I con- 
ceĩve, the Action of the Sun Beams upon the 
Air and Water, as he paſſes every day over the 
Oceans, conſidered together with the Nature 


of the Soil, and Situation of the adjoining Con- 


tinents : I ſay therefore, firft, that accordin 
to the Laws of Staticks, the Air which is leſs 
rarified or expanded by heat, and confequently 
more ponderous, muſt have a Motion towards 
thoſe parts thereof, which are more rarified, 
and leſs ponderous, to bring it to an Aquili- 
brium ; and ſecondly, that the Preſence of the 
Sun continually ſhifting to the Weſtwards, that 
part towards which the Air tends, by reaſon 
of the Rarifaction made by his greateſt Meridian 
Heat, is with him carried Weſtward, and con- 
ſequently the tendency of the whole Body of 
the lower Air is that way. 

Thus a general Eaſterly Wind is formed, 
which being impreſſed upoa all the Air of a vaſt 
Ocean, the Parts impel one the other, and fo 
keep moving till the next return of the Sun, 
| | whereby 


r 
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whereby ſo much of the Motion as was loſt, is 
again reſtored, and thus the Weſterly Wind is 
made perpetual. 

From the ſame Principle it follows, that this 
Eaſterly Wind ſhould on the North-ſide of the 


' eAfquator,be to the Northwards of the Eaſt, and 


in South Latitudes to the Southwards thereof; 
for near the Line, the Air is much more rarified, 
than at a greater diſtance from it; becauſe of 
the Sun twice in a Year Vertical, and at no 
time diſtant above 23 deg. and a half ; at which 
diſtance the Heat, being as the Sine of the An- 
gle of Incidence, is but little ſhort of that of 
the perpendicular Ray. Whereas under the 
Tropicks, though the Sun ſtay long Vertical, 
et he is as long 47 deg. off; which is a kind of 
Winter. wherein the Air ſo cools, as that the 
Summer-heat cannot warm it to the ſame de- 
gree with that under the Xquator. Wherefore 
the Air to the Northwards and Southwards, be- 
ing leſs rarified than that in the middle, it 
follows, that from both ſides it ought to tend 
towards the Æquator: This Motion compoun- 
ded with the former Eaſterly Wind anſwers all 
the Phenomena of the general Trade-winds; 
which, if the whole Surface of the Globe were 
Sea, would undoubtedly blow all round the 
World, as they are found to do in the Atlantick 
and Mthiopick Oceans. 
Bur ſecing that ſo great Continents do inter- 


poſe and break the continuity of the Oceans, 


regard mult be had to the Nature of the Soil, 
and the Poſition of the high Mountains, which 
I ſuppoſe the two principal Quſes of the ſeve- 
ral Variations of the Winds, from the former 
general Rule: For if a Country lying near the 
Sun, prove to be flat, ſandy, low 3 ſuch 

2e 
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as the Deſarts of Lybia are uſually reported to 
be, the Heat occaſioned by the Reflection of 
the Suns Beams, and the retention thereof in 
the Sand, is incredible to thoſe that have not 
felt it; whereby the Air being exceedingly ra- 
rified, it is neceſſary that the cooler and more 
denſe Air ſhonld run thitherwards to reſtore 
the eAgquilibrium : This I take to be the cauſe, 
why near the Coaſt of Guinea the Wind always 
ſets in upon the Land, blowing Weſterly in- 
ſtead of Eaſterly, there being ſufficient reaſon 
to believe; that the Inland Parts of Africa are 
prodigiouſly hot, ſince the Northern Borders 
thereof were ſo intemperate, as to give the 
Ancients cauſe to conclude, that all beyond the 
Tiopick, was made inhabitable by exceſs of Heat: 
From the ſame cauſe it happens, that there are | 
i» conſtant Calins ii that part of the Ocean, | 
eaſed the Raines, (deſcribed in the 7th Remark 
on the Atlantick Sea) for this Tract being pla- k 
ced in the middle, between the Weſterly Winds 2 
blowing on the Coaſt Guinea, and the Eaſterly t 
Trade-winds, blowing to the Weſtwards there- C 
of, the tendency of the Air here, is indifferent 8 
to either, and fo ſtands in AÆAgquilibrio between c 
both; and the weight of the incumbent At- w 
moſphere being diminiſhed by the continual I te 
contrary Winds blowing from hence, is the I it 
reaſon that the Air here holds not the copious || it 
Vapour it receives, hut lets it fall into frequent I in 
Fut as to the cogl and denſe Air, by reaſon of 
its greater Gravity, preſſes upon the hot and 
rarified, tis demonſtrative that this latter muſt 
aſcend in a continued ſtream as faſt it rarifies ; | th 
and that being aſcended,” it muſt diſperſe it ſelf 
to preſerve the πubrium; that is, by a 
s contrary 
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iis 


cable. | | 

Suppoſing therefore ſuch a Circulation as a- 
bove, tis to be conſidered that to the North- 
ward of the Indian Ocean there is every. where 
Land within the uſual limit of the Latitude of 
30. vix. Arabia, Perſia, India, &c. which for 
la- the ſame reaſon as the Mediterranean Parts of 
Africa, are ſubject to unſufferable Heats when 
the Sun is to the North, paſſing nearly Verti- 
re- || cal; but yet are temperate enough when the 
ent Sun is removed towards the other Tropic; be- 
een cauſe of a ridge of Mountains at ſome. diſtance 
At- within the Land, ſaid to be frequently in Win- 
wal ter covered with Snow, over which the Air, as 
the it paſſes, muſt needs be much chilled. Hence 
[0US it comes to paſs that the Air coming accord- 
ient || ing to the general Rule, out of the N. E. in 
Ii the Indian Seas, is ſometimes hotter, ſometimes 
n of I colder, than that which by this Circulation is 
and | returned out of the S. W. and by conſt uence, 
muſt | ſometimes the under Current or Wind is from 
fies; | the N. E. ſometimes from the S. W. 
t ſelf 
by a 
trary | That 
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That this has no other Cauſe, is clear from 
the times wherein theſe Winds ſet in, -viz. in 
April, when the Sun begins to warm thoſe 
Countries to the North, the S. W. Aonſoon 
begins, and blows during the Heats till October 3 
When the Sun being retir'd, and all things grow- 
ing cooler Northward, and the Heat increaſing 
+ the South, the North-Eaſt Winds enter and 

low all the Winter till April again. And it is 
undoubtedly from the ſame Princlple that to 
the Southwards of the Æquator, in part ofthe 
Indian Ocean, the North-Weſt Winds. ſucceed 
the South-Eaſt, when the Sun draws near the 
Tropick of Capricorn; but I muſt confeſs, that 
in this latter occurs a difficulty, not well to be 
accounted. for, which is, why. this Change of 
the Monſoons ſhould be any more in this Ocean, 
than in the ſame Latitudes in the At hiopick, 
Vhere chere is nothing more certain than aS. E. 
Wind all the Vear. 1 
_ "Tis likewiſe. very hard to conceive why the 
limits of the Trade-Wind ſhould be fixt, about 
the thirtieth Degree of Latitude all round. the 
Glohe; and that they ſhould fo ſeldom tranſ- 
greſd or fall ſhort of thoſe bounds ; as alſo that 
290 Indian Sea, only the Northern Part 
mould be ſubject to the changeable Aionſbons, 
and in the Southern there be a conſtant S8. E. 
Theſe are Particulars that merit to be conſi- 
der'd more at large, and furniſh a ſufficient 
Subje& for a juſt Volume, which will be a very 
commendable Task for. ſuch, who being uſed 
to Philoſophick Contemplation, ſhall have lea- 
: ſure to apply their ſerious Thoughts about it. | 
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A Diſcourſe of the Rule of the De- 
ereuſe of the height of the Mercury 
in the, Barometer, according as 
Places are elevated above the Sur- 
Face of the Earth ; with an At- 
tempt to diſcover the true Reaſon 
f the Riſing and Falling . 
en Mercury, upon Change of Weas 
tber. By Edm. Halley. 
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E BElaſtick Property of the Air has 
been long ſince made out, by Experiments 
before the Royal Society and elſewhere; and 
the Reſiſtance of its Spring is found to be near- 
Iy equal to the Weight or Force that compreſ- 
ſes it; as alſo, that the Spaces the ſame Air oc- 
cupies, under differing Preſſures, are recipro- 
ca ly as thoſe Preſſures : It has been ſhown like-= 

wiſe by undoubted Experiment, that the ſpeci- 
fick Gravity of the Air, near the Earth's Sur- 
Wy face to that of Water, was once as 1 to $403 
again as 1 to 852; and a third time, in a very 
large Veſſel holding 10 Gallons, as 1 to 860; 
all which, conſidering the difficulty of the Ex- 
Wpcriment, agree well enough, the Mercury ſtand- 
ig at all thoſe times about 29 Inches : But 
I reaſon 'twas Summer-weather, and conſe» 
8 quently, 
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quently the Air rarified, when all theſe were 
tried, we may without fenſible Error ſay in 
round numbers, that the Barometer ſtanding at 
30 Inches, and in a mean State of Heat and 
Cold, the ſpecifick Gravity of the Air to Wa- 
ter, is as 1 to $00. By the the like Trials the 
Weight of Mercury to Water, is as 132 to 1, 
or very near it; ſo that the weight of Mercu- 
ry to Air, is as 10800 to 1; and a Cylinder of 
Air of 10800 Inches or 900 Feet, is equal to an 
Inch of Mercury; and were the Air of an equal 
denſity like Water, the whole Atmoſphere would 
be no more than 5, 1 miles high, and in the 
Aſcent of every 900 Feet the Barometer would 
ſink an Inch. But the Expanſion of the Air in- 
creaſing in the ſame proportion as the incum- 
bent weight of the Atmoſphere decreaſes; that 
is, as the Mercury in the Barometer ſinks, the 
upper Parts of the Air are much more rarified 
than the lower, and each Space anſwering to an 
Inch of Quickſilyer grows greater and . 
ſo that the Atmoſphere muſt be extended to a 
much greater height. Now, upon theſe Prin- 

ciples, to determine the height of the Merci) 

at any aſſigned height in the Air; and e contrs, 

having, the height of the Mercwy given, to find 

the height of the Place where che Barometer 

Rands, are Problems not more difficult than cu- 

rious ; and which I thus reſolve. 

The Expanſions of the Air being reciprocally 
as the heights of the Mercury, it is evident, that 
by the help of the Curve of the Zyperbola.and its 
Aſymptotes, the ſaid Expanſions may be expoun- 
ded to any given height of the Mercury : Forby 
the 65th Prop. lib. 2, Conic. Mydorgii, the Reft1- 
les, AB CE, AKGE, ALDE, &c. (il 
Plate 1. Fig. 4. ) are always equal, and conſequent! 

the 


Miſcellanea Curidſa. $3 
the ſides, CB, 6 N LD, & c. are reciprocally 
as the ſides A B, AR, AL, &e, If then the 
Lines An, AX, AI, be ſuppoſed equal 

the heights of the Mercury, or the preſſures o 


the Atmoſphere, the Lins C, K, L D, an- 


ſwering thereto, will be as the Expanſions of 
the Air under thoſe Preſſures, or the bulks that 
the ſame quantity of Air will occupy; which 
Expanſions bang taken infinitely. many; and 
infinitely little, (according to the Method of 
Indiviſibles); their Summ will , give. the Spaces 
oſ Air between the feveral helghts of the Baro- 
meter; that is to ſay, the Summ of all the Lines 
between CB and X G, or the Area CB KG, 
will be proportioned tothe diſtance or ſpace 
intercepted between the Leyels of two Places in 
the Air, where the Mercury would ſtand at the 
heights repreſented hy the Lines AB, AX; ſo 
then The Spaces uf Alr anſwering to equal Parts 
df Mercury in the Bæubhnter, are as the Arems 
CB:KG, GKED, DLEM, &c. Theſe Arms 
again are, by the Demonſtration of 2 
St. Vincent; proportionate to the Logarithms of 
the Numbers expreſſing the Rariones of AX to 
AB, of AL:ito AK ot AM to AL, Ge. 
d then by the common Table of Logarithms, 
the height of any Place in the Atmoſphere, ha- 
og ny aſſigned height of the Mercury! 
moſt eaſily be found: For the Line C in the 
Hyperbola, whereof the An deſign the Tabular 
Logarithms, AN % * O11f4.965 3 will be, as 
o 0144765, to the diſſtrence of the Zogarirhmy 
df zo, and any other leſſer Number, for 900 
Feet or the Space anſwering to an Inch of Mer- 
cury, if the Air were equally preſt with 30 Inches 
of Mercury, and every where alike, to the 
height of the Barometer in the Air, where it 
= G 2 will 
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will ſtand at that leſſer number of Inches: And 


the Converſe of this Pro 


rtion may the 


height of the Mercury be found, having the Al- 
titude of the Place given. From theſe Rules! 
deriv'd the following Tables. | 


A Tieble ſhewing 


Feet 


A Table ſhewing the Al- 
titude, to given heights 
of the Mercury. 
Inch. | Feet. 
30 N O 
as: WET + 
28 1862 
23. - 2844 
26 | 3863 
25 | 4922 
200 10947 
ay \ © 18715 
„ ine 
ES 278 
e ä 91831 
9. 8 110547 
012 \ > ; 129262 


0. I 29 mil. or 154000 


o. 01 41 mil. or 216169 


o. O01 $3 mil. * erg 


a 
IF: C 
1 


F . 
1 * 


the heights of the 
Mercury , at 
given Altituaes. 


Inch 


30 oo 
28 91 


'27 86 


26 85 
25 87 
24 93 
24 67 
20 29 
16 68 
13 2 
11 28 
4 24 
1 60 
O 9 
O 23 
o 08 


00 


Upon 
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p ON theſe Suppoſitions it appears, that 
1 at the height of 41 Miles the Air is ſo 
rarified, as to take up 3000 times the Space it 
occupies here, and at 53 Miles high it would 
be expanded above 30000 times; but it's pro- 
bable that the utmoſt Power of its Spring can- 
not exert it ſelf, to ſo great an Extenſion, and 
that no part of the Atmoſphere reaches. above 
45. Miles from the Surface of the Earth. , _ 
This ſeems confirmed from the . Obſervations 
of the Crepuſculum, which is obſervd common= 
la to begin and end when the Summ is about 
18 degrees below the Horizon; for ſuppoſing 
the Air to reflect light from its moſt rarifi 
Parts, and that as long as the Sun illuminates 
any of its Atoms, they are viſible to an Eye not 
intercepted by the Curvity of the Earth, it will 
follow * Hg. 5. Plate 1. that the proportion of 
the height of the whole Air, to the Semi- diameter 
of the Earth, is much about, as 1 to 90, or as 
the exceſs of the Secant of about 83 degrees to 
the Radius. For if E be the Eye of the Obſerver, 
Sa Place where the Sun ſets at the end of Twi- 
light in E, and the Arch E CS, or TCA be 
found 18 degrees, the exceſs of the Secant of 
half thereof EC H, would be the height of the 
Air, wiz. G H: But the Beam . the Sun 
ASH, and the Viſual Ray E H, do each of 
them ſuffer a Refraction of about 32 or 33 Mi- 
nutes, whereby being bent inwards from H 
towards 6, the height of the Ar need not he 
ſo great as if they went ſtreight; and havi 
from the Angle E CS taken the double Refra- 
ion of the Horizontal. Ray, the half of the 
Remainder will be 81 degrees. Circiter, whaſe 
Ferant being 10 111, it S 10000 
| ; 3 to 


_— — J_—_ 


| 
| 
| 
| 
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to 111, ſo the Semi-diameter of the Earth ſup- 
poſed 4555 Miles 175 4% 4 Miles; Veh rr 
be the height of th whole Air, if the Places E, 
8, whoſe - viſtble' Portions of the Atmoſphere 
E RZ N, and S HR B juſt touch one the other, 
be 18 degrees aſufider | 

At this height*the Air is expanded into a- 
bove 3000 times the ſpace it occupies here, and 
we have ſeen the Experience of condenſing it 
into the SOth part of the ſame Space; ſo that 
it mould cem, that the Air is a Subſtance ca- 

äble öf being cqmpreſſed into the 1 800 00th 
pat of the Space it would naturally take up, 
when free from preſſure. Now what Texture 
or Compoſition of Parts ſhal] be capable of this 
rezt Expanſion and Contraction, ſeems a very 
ard Queſtiqp 3 and which, I ſippoſe, is ſcarce 
Jufictently accounted for, hy comparing it to 
ool, Cotton, and the like ſpringy Bodies. 
_ Hitherto I have only conſider'd the Air and 
Atmoſphere, as one unalter'd Body, as having 
conſtantly at. the Earth's. Surface the '80oth 
part of the weight of Water, and being capable 
of Rarefaction ani : dentition in mftuitum 
either of which pecheſes are tigigly true: 
For here in England it's notoriouſſy' known, 
that the weight of the whole Armoſphere is va. 
_rious, being counterpoiſed ſometimes by 28; 
Inches of Mercury, and at other times by no 
leſs than 3033 ſo that the under parts being 


* 
oO $ 


| Brkt by about a 15th part, leſs Weight, the 


| Mee rarity of the A upon that ſcore will 
ſometimes be a 15th part lighter than another; 
"beſides Heat and Cold toes yery confiderab!y 
dilate and contract the Air, aud conſequent!) 
alter its Gravity; to which gad the mixture of 
Eſfluvia, or ſteams ariſing frbin almoſt a 
* a les, 


? 


Miſcellanea Curuſa. | 87 


dies, which aſſimulating into the Form of Air 
are kept ſuſpended therein, as Salts diſſolvd 
in Liquors;'6r Mettles in corroding Menſtrua; 
which Bodies being all of them very much hea- 
vier than Air, their Particles by their Admix- 
ture muſt needs encreaſe the weight of that Air 
they lie incorporated withal, after the ſame 
manner as melted Salts do augment the ſpeci- 
fick Gravity of Water. The other Conſidera- 
tion is, that the Rarefaction and Condenſation 


of the Air is not preciſely according to the pro- 


portion here laid down; for the Experiment 
very nearly agrees thereto, as may be ſeen in 
the 58th Chapter of Mr. Hob Micorgraphy; 
yet are the Condenſations not poſſible beyond 
certain degrees: For being compreſſed into an 
800th part of the Space it takes up here, its 
conſiſtence would be equally denſe with that of 
Water; which yields not to any force whatſo- 
ever, as hath been found by ſeveral Experi- 
ments tried here, and at Florence, by the Aras . 
demia del Ciniento. Nor can the Rarefaction 
proceed in inſinitum; for ſuppoſing the Spring 
whereby it dilates it ſelf, occaſiond by what 
Texture of Parts you pleaſe, yet muſt there be 
a determinate Magnitude of the natural State 
of each Particle, as we ſee it is in Wool and the 
like, whoſe Bodies being compreſſable into a 
very ſmall Space, have yet a determinate bulk 
which they cannot exceed, when free d from all 
manner of Preſſure. 1 »h | 

. Theſe Objections being true, do diſturb the 


Geometrical Accuracy of theſe Concluſions , 


drawn from the ſpecifick Gravity of the Air 
obſery*d at any time; but the Method here 
ſhewn will compute by a like Calculation, the 
heights of the Qriekfitver, and the Rarefactions 

8 4 207 ui 
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of the Air from any aſſigned height of the Ba- 
rometer at the Earth's Surface, and any ſpecifick 
Gravity given. As to the Condenſation and Rare- 
faction by Heat and Cold, and the various mix- 
ture of Aqueous and. other Vapours, theſe tuo 
Objections ſeem generally to compenſate each o- 
ther; for when the Air is rariſted by Heat, they 
are raiſed moſt copiouſly: ſo that tho the Airpro- 
perly ſo called, be expanded, and confequently 
lighter, yet the Jzter/tires thereof being crou- 
ded full of Vapours of much heavier Matters, 
bulk for bulk, the weight of the Compoſitum 
may continue much the ſame; at leaſt a moſt 
curious Experiment made by the Ingenious 
Mr. John Caſmell, of Oxford, upon the top of 
Snowdon Hill, in Caernarvanſhire, ſeems to prove, 
that the firſt Inches of Mercury have their Por- 
tions of Air near enough to what I now. deter- 
mine : For the height of the Hill being 1249 
Yards, or very near it, he found the Mercur) 
to have ſubſided to 25, 6 Inches or 4 Inches be- 
low the mean Altitude thereof at the Level of 
the Sea, (which is a greater difference than has. 
been found in any of our former Experiments,) 
and the Space anſwering to 4 Inches, by my 
Calculation, ſhould be 1288 Vards; and it a- 
grees as well with the Obſervations in the A 

pendix to Mr, Paſcalls Book, de! Equilibre des 
Liqueurs, made on the high Hill in Auver gur, 
calPd le puy de Domme. So that the Rarcta- 
faction and Vapours ſeem not to have altered 
conſiderably, the Gravity of the under Parts of 
the Air; and much above the height where 
theſe Experiments were made, do few Vapouts 
aſcend, and the Cold is ſuch that the Snow lics 


continually, ſo that for the more elevated Part) 


of the Sphere of Air, there is much leſs Reiſon to 
doubt. | Put 
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But now we have had occaſion to mention 
the difference there is: between the height of the 
Mercury at one time, from the height thereof 


at another, it may not be unacceptable to offer 
at ſome Reaſons for the ſaid difference; which, - 


at leaſt to my ſelf, ſeem to have ſome appea- 


rance of Truth. Firſt, then it's undoubtedly 
demonſtrable, that the height of the Cylinder 
of Mercury is equal to the weight of the whole 
incumbent Air, and conſequently that that 
whole is ſometimes a fifteenth more than at 
other times; which cannot otherwiſe be, but 
by the acceſs of new Matter when *tis heavy, 
and its diminution when tis light; that pe- 
theſis therefore that ſhews how the Air ſhall he 
encreaſed or diminiſhed , - in any particular 
lace, will give a Reaſon for the greater and 
eſſer height of the Mercury in the Baroſcope: 
But to direct us in the choice of the ſeveral Cau- 
ſes, which may be aſſigned for the Increaſe and 
Decreaſe of the Air, twill not be unneceſſary 
to enumerate ſome of the principal Obſerva- 
tions made upon the Barometer, moſt. whereof 
are ſufficicatly known already to all thoſe that 
are curious in theſe Matters 


The Firſt is, that in calm Weather when the 
Air is inclined to Rain, the Aercury is com- 
monly low. n 
2. That in ſerene good ſettled Weather, the | 
Mereury is generally higgg. 


3. That upon very great Winds, tho? they ' 
be not AN bk Rain, the Mercury ſinks | 
loweſt of all, with relation to the Point of the 
Compaſs the Wind blows upon. 

4+ That 


* 
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| =» That ceteris paribus. the greateſt heights 
! of the Mercury are found upon e 256 


f North. Eaſter Iy Winds. | 


5. That in calm froſty Weather the Ager 
generally ſtands high. 


6. That after very great Storms of Wind, 
| When the Quickſilver has been low, it generally 
ries again very faſt. ' 


| 


7. That. the more e bes have 
greater alterations of the TE than the 
more Southerly. | 


8. That within the Nopal 154 near Argen 
thoſe Accounts I have had from others, and my 
own. Obſervation at St. Helena make very little 
or no Variation of the height of the Mercur) 
in all weathers. Now that Theory that can 
well account for all theſe appearances, will, in 
ol probability, approach nearer the true cauſe 

he Barometer, Variations, than any thing 
hitherto afforded ; and ſuch an one I am bound 


to believe, is that which I here lay down with 


ſubmiſſion to better udgments. 
nA concetve that the principal Cauſe of the riſe 
and fall of the Mercary, is from the variable 
Ho which ne found in the Temperate Zones, 
nd whoſe. great t. unconſtancy here in England is 
oft notor 'T- ſhall not at preſent inquire 
into the cauſe of its uncertainty, but the Mat- 
ter of Fact being moſt undoubted, the Legiti- 


mate 0 ereof muſt be allow di me, 


t if Win.. 
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A ſecond Cauſe is the uncertain Exhalation 
and Precipitation of the Vapourslodging in the 
Air, whereby it comes to be at one time much 
more crowded” than at another, and conſe- 
quently ' heavier ; but this latter in a great 
meaſure depends upon the former. Now from 
theſe Principles I ſhall endeavour to explicate 
the ſeveral Phenomena of the Barometer, taking 
them in the ſame order I laid them down. 


1. Why in Calm Weather the Air being inclin d 
to Rain, the Mercury it commonly low ? I An- 
ſwer, That the Mercury's being low, inclines it 
to Rain; for the Air bel light, the Vapours 
are no longer ſupported: thereby, being, become 
ſpecifically heavier than the Medium wherein 
they floated'; fo that they deſcend towards the 
Earth, and in their fall meeting with other a- 
queous Particles, they incorporate together, 
and form little drops of Rain; but the Mer- 
cury's being at one time lower than another, is 
the effect of two contrary Winds blowing from 
the place whence the Barometer ſtands; -whefe- 
by the Air of that place is carried both ways 
from it, and con ſequently the ĩimumbent Cylin- 
der of Air is diminiſd, and accordingly the 
Mercury ſinks; as for inſtance, if in the Cen- 
man Ocean it ſnould blow a Gale of Weſterly 
Wind, and-at the ſame time an Eaſteriy Win 
in the ;-Sea'; of if in unte it ſhouldoblow 
a Southerly Wind, and in Scotland a Northern; 
it muſt be granted me, that That part: of the 
Atmoſphere impendent over Euglaud, would 
thereby be exhauſted and attenuated, and the 
 Mereury would ſubſide; und the Vapours, which 
before floated in thoſe parts of the Air uf equal 
eee 2113 10 1:57 2met No eG 
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Gravity with themſelves, would ſink to the 


2. Why in ſerene good ſettled weather the Mer- 
cury is generally high. To this I Anſwer, That 
the greater height of the Barometer, is occaſi- 
on'd by two contrary Winds blowing towards 
the place of Obſervation, whereby the Air of 
other-places is brought thither and accumulat- 
ed ; ſo that the incumbent Cylinder of Air be- 
ing encreaſed both in height and weight, the 
Mercur) preſs'd thereby muſt needs rife and 
ſtand high, as long as the Winds continue ſo 
to blow ; and then the Air being ſpecifically 
. heavier, the Vapours are better kept ſuſpend- 
ed, ſo that they have no inclination to Preci- 
pitate and fall down in Drops, which is the 
reaſon of the ſerene good Weather, which at- 
tends the greater heights of the Mercury. 


3. Why upon eat Winds or Storms, though 
D Las, the Mercury ſinks = 
eſt of all, with relation to the Point of the Compaſs 
upon which the Wind blows, - This is caus'd by the 
-very rapid Motion of the Air in theſe Storms; 
for the Tract or Region of the Earths Surface, 
wherein theſe Winds rage, not extending all 
round the Globe, that ſtagnant Air which is 
left behind, as likewiſe that on the ſides, can- 
not come in ſo faſt as to ſupply the Evacuation 
made by fo ſwift a Current; ſo that the Air 
muſt neceſſarily be attenuated, when and where 
the ſaid Winds continue to blow, and that 
more or leſs according to their violence; add 
to which, that the Horizontal Motion of the 
Air being ſo quick as it is, may in all proba- 
dility take off ſome part of the perpendicular 

preſſure 
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reſſure thereof; and the great agitation of 
its Particles, is the Reaſon why the Vapours 
are diſſipated and do not condenſe into Drops, 
ſo as to form Rain, otherwiſe the natural Con- 
ſequence of the Airs Rarefaction. | 


| | * 8 

4. Why cæteris paribus the Mercury ſtands high 
eſt upon an Eaſterly or North Eaſterly Wind: ' This 
happens becauſe that the great Atlantick. Ocean 
on this ſide the thirty fifth Degree of North La- 
titude, the Weſterly and South-Weſterly Winds 
blow almoſt always Trade; fo that whenever 
here the Wind comes up at Eaſt and North- 
Eaſt, tis ſure to be checked by a contrary Gale, 
as ſoon as it reaches the Ocean; wherefore, ac- 
cording to what is made out in our ſecond Re- 
mark, the Air muſt needs be heaped over this 
Iſland 3 and conſequently the Mercury muſt 
ſtand high, as often as theſe Winds blow. This 
holds true in this Country, but is not a gene- 
ral Rule for others, where the Winds are un- 
der different Circumſtances ; and I have ſome- 
times ſeen the Mercury here as low as twenty 
nine Inches, upon an Eaſterly Wind, but then 
it blows exceeding hard, and ſo comes to be 


accounted for by what was obſerv'd upon the 


third Remark. . 


5. Why in calm Weather the Mercury ge- 
nerally ſtands high. The cauſe hereof is, 4 
conceive, that it ſeldom freezes but when the 
Winds come. out of the Northern and North- 
Eaſtern Quarters, or at. leaſt unleſs thoſe 
Winds blow at, no great diſtance of; for the 
Northern Parts of Germany, Denmark, Sweeder, 
Norway, and all that Tract from whence North- 


Eaſtera Winds come, are ſubject to almoſt con- 


rinual 
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tinual Froſt all the Winter; and thereby the 
lower Air is very much condensd, and in that 
State is brought hitherwards by theſe Winds, 
and being accumulated by the oppoſition of the 
Weſterly Wind blowing in the Ocean, the Afer- 
cury muſt needs be preſt to a more than ordi- 
nary * height; and as a concurring! Cauſe, the 
ſnrinking of the lower parts of the Ai into le- 
ſer toom hy cold, muſt needs cauſe a deſcent 
vf tlie upper Parts of the Atmoſphere to re- 

ice the — rp made by this vontfa ion to an 
1 ene © +. - 

£ Dits gts. J 24 qu 2 | 
218, Why: after very creat Sees of Wan, Shen 
the wmeroury has beer very low; it gener ly riſes 
ag hin very faſt. This! have frequently obſerv'd, 
-and once cl LA it riſen an Inch and a Half in leſs 
than [e Hourg'afrer- a long continud Storm 
»f BouthAweſt Wind. This ſcems to be occa- 
— 4 che ſüddain Actelion of new Air to 
; hs fat Evacuation which ſich con- 

15 > td# 5 make thereof, In thoſe places 
"whence they happen (as in the third Remark) 
and by the Recoile of the Air, after the force 
"ceaſes that impellid it; — —e the Reaſon why the. 
Mfercuty Hes" faſt; is beckiſe the Kit being 
very much rarify'd beyond its mean denſity; the 
Neighbouring Air runs in the more ſwiftly to 
bring it to an VEquit ibrut jon, as we Tee Water 
rum the faſter for having a great declivity. 
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"ſeen in the Appendix to Mr. Paſcals _— 
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fore cited. The Reaſon I conjecture to be that 
the more Northerly Parts have uſually: greater 
Storms of Wind than the more Southerly, 
whereby the Mercury ſhould ſink lower in that 
extream; and then the Northerly Winds bring- 
ing the condens'd and ponderous Air from the 
Neighbourhood of the Pole, and that again be- 
ing checked by a Southerly Wind, at no great 
diſtance, and ſo heaped muſt of neceſſity make 
the Mercury in ſuch caſe ſtand higher, in the 
other extream. hap CS 


Js f ie EK 03 QQVIY 21.0120. 

8. And Laſtly, Why ear the Xquinodial, 4 
at Barbadoes, and St. Helena, there is very little 
or no Variation of the height of the Barometer. 
This Remark, above all others, confirms the 
Hypotheſis of the variable Winds, being the 
cauſe. of theſe Variations of the height of the 
Mercury; for in the places aboye-named, there 
is always an <aſic 75 e of Wind blowing near- 
ly upoa the fame Point, iz; E, N, E, at Bar- 
badoes, and E, S, E, at St. Helena; ſo that there 
being no contrary Currents of the Air, to ex- 
hauſt or accumulate it, the Atmoſphere con- 
tinues much in the ſame State: However upon 

urricanes, the moſt violent of Storms, tl 
Mercury has been obſerv'd: very low, but this 
is but for once in two or three Years, and it 
ſoon recovers its ſettled ſtate of about 291 In- 
ches. I doubt not but the ſame thing is in the 
Eaſt Coaſt of Africa, and in = where the 


Monſoons or Winds: are Trade for half the 
Year ong way, and half the Year another; an- 
ly its 2 * 5 th 


f 04 55 there may ſomething worth 

noting happen, about the times of the change 

or ſhifting o the "Winds, which might A C 
n 
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tain'd if any Body had the curioſity to keep the 
Barometer at our Factories in Indin. ' 

- I doubt not but this Doctrine will find ſome 
Oppoſers, and that one principal Objection will 
be, that I ſuppoſe the Air ſometimes to move 

om thoſe parts where it is already evacuated 

elow / the Equilibrium, and ſometimes again 
towards thoſe parts, where it is condens'd and 
crouded above the mean ſtate, which may be 
thought contradictory to the Laws of Staticks 
and the Rules of the Equilibrium of Fluids. But 
thoſe that ſhall conſider how, when once an im- 
petus is given to a Fluid Body, it is capable of 
mounting above its level, and checking others that 
Have a contrary tendency to deſcent by theirown 
Gravity, will- no longer regard this as a mate- 
rial Obſtacle, but will rather conclude; that the 
great Analogy there is between the riſing and 
falling of the Water upon the Flux and Reflux 
"of ehe Sea, and this of the accumulating and 
"extenuating the Air, is a great Argument for 
the Truth: f this Hypotheſis: For as the Sea 
*overagainſt the Coaſt of Eſſex, riſes and ſells 
by the meeting of the two contrary Tides of 
Flood, (whereof the one comes from the S. W. 
Wong the Channel of England, and the other 

dm the North); and on the contrary ſinks be- 
*loy its level npoa the retreat of the Water both 
ways in the Tide of Ebb; ſo it is very probable 
that the Air may Ebb and Flow, after the ſame 
manner; but by reaſon of the diverſity of 
-Caufes, whereby the Air may be ſet in move- 
ing, the times of theſe Fluxes and Refluxes 
"thereof, are purely Cafual and not reducible to 
'any Rule, as are the Motions of the Sea, de- 
6” Fenn wholly upon the regular Courſe of the 
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———— —— 


A Letter of Mr. Iſaac Newton, 
Profeſſor of the Mathematicks in 
the Univer ſity of Cambridge; con- 
taining his New Theory about 
Light and Colours: Sent by the 
Author to the Publiſher from 
Cambridge, Febr. 6. 163: ; in or- 
der to be communicated to the R. 
Society. 


SIR, 


=” O perform my late promiſe to you, I ſhall 
without further Ceremony acquaint you, 
that in the beginning of the Year 1666 (at 
which time I apply'd my ſelf to the grinding of 
Optick-glaſſes of other Figures than Spherical, 
I procur'd me a Triangular Glaſs-Priſm, to try 
therewith the celebrated Phenomena of Colours. 
And in order thereto having darken'd my 
Chamber, and made a ſmall hole in my Win- 
dow-ſhuts, to let in a convenient quantity of 
the Suns Light, I plac'd my Priſme at his en- 
trance, that it might be thereby refracted 
to the oppokte Wall. It was at firſt a very 
leaſing divertiſement, to view the vivid and 
intenſe Colours produced thereby ; but after a 
while applying my ſelf to conſider them more 
circumſpectly, I became ſurpriſed to ſee them 
in an oblong Form; which, according tothe re- 
| ceived 
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ceiv'd Laws of Refraction, I expected ſhould 
have been Circular. | 

They were terminated at the ſides with 
ſtreight Lines, but at the ends, the decay of 
Light was ſo gradual, that it was difficult to 
determine juſtly, what was their Figure ; yet 
they ſeem'd Semcircular. | 

Comparing the length of this colour'd Spect- 
rum with its breadth, I found it about five times 
greater; a diſproportion ſo extravagant, that 
it excited me to a more than ordinary Curioſity 
of examining, from whence it might proceed. 
I could ſcarce think, that the various thickneſs 
of the Glaſs, or the termination with ſhadow 
or darkneſs, could have any Influence on Light 
to produce ſuch an effect; yet I thought it not 
amiſs, firſt to examine thoſe Circumſtances, 
and fo try'd, what would happen by tranſmit- 
ting Light through parts of the Glaſs of divers 
thickneſſes, or through holes in the Window 
of divers bigneſſes, or by ſetting the Priſm 
without ſo, that the light might paſs through 
it, and be refracted hefore it was terminated 
by the hole : But I found none of thoſe Cir- 
cumſtances material. The faſhion of the Co- 
lours was, in all theſe Caſes, the ſame. 

Then I ſuſpected, whether by any uneven- 
neſs in the Glaſs, or other contingent Irregu- 
larity, theſe Colours might be thus dilated. 
And to try this, I took another Priſm like the 
former, and ſo plac'd it, that the light paſſing 
through them both, might be refracted con- 
trary ways, and fo by the latter return'd into 
that Courſe, from which the former had di- 
verted it. For, by this means, I thought the 
regular effects of the firſt Priſm would be deſtroy'd 
by the ſecond Priſm, but the irreoular ones 

| more 
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more augmented by the multiplicity of Re- 
fractions. The event was, that the light, which 
by the firſt Priſm was diffuſed into an oblong 
Form, was, by the ſecond, reduc'd into an or- 
bicular one with as much regularity, as when it 
did not at all paſs through them. So that what- 
ever was the cauſe of that length, *twas not a- 
ny contingent Irregularity. 

I then proceeded to examine more critically, 
what might be effected by the difference of the 
incidence of Rays coming from divers parts of 
the Sun; and to that end, meaſur'd the ſever- 
al Lines and Angles belonging to the Image. 
Its diſtance from the Hole or Priſm was twen- 
ty two Foot; its utmoſt length 134 Inches; its 
breadth 24 ; the Diameter of the Hole 4 of an 
Inch; the Angle, with the Rays, tending to- 
wards the middle of the Image, made with 
thoſe Lines, in which they would have proceed- 
ed without Refracion, was 44 Deg. 56'. And 
the Vertical Angle of the Priſm, 63 Dep. 12. 
Alſo the Refractions on both ſides the Priſme, 
that is, of the Incident, and Emergent Rays, 
were as near, as I could make them, equal, and 
conſequently about 54 Deg. 4. And the Rays 
fell perpendicularly upon the Wall. Now ſub- 
ducting the Diameter of the Hole from the 
length and breadth of the Image, there remains 
13 Inches the length, and 2g the breadth, com- 
prehended by thoſe Rays, which paſſed through 
the Center of the ſaid Hole, and I 
the Angle of the Hole, which that breadt 
ſubtended, was about 31', anſwerable to the 
Suns Diameter; but the Angle, which its length 
ſubtended, was more than five ſuch Diameters, 
namely two Deg. 49. 
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Having made theſe Obſervations, I firſt com- 
puted from them the refractive Power of that 
Glaſs, and found it meaſur'd by the ratio of the 
Sines, twenty to thirty one. And then, by 
that ratio, I computed the Refractions of two 
Rays flowing from oppoſite parts of the Sun's 
diſcus, fo as to differ 31 in their obliquity of 
Incidence, and found, that the emergent Rays 
ſnould have comprehended an Angle of about 
31', as they did, before they were incident. 

But becauſe this computation was founded on 
the Hypotheſis of the proportionality of the 
' fines of Incidence and Refraction, which, tho” 
by my own Experience I could not imagine to 
be ſo erroneous as to make that Angle but 31, 
which in reality was two Deg. 49'; yet my cu- 
rioſity caus'd me again to take my Priſm. - And 
having plac'd it at my Window, as before, I 
obſerv'd, that by turning it a little about its 
Axis to and fro, ſo as to vary its obliquity to 
the light, more than an Angle of four or five 
Degrees, the Colours were not thereby ſenſibly 
tranllated from their place on the Wall, and 
conſequently by that variation of Incidence, 
the quantity of Refraction was not ſenſibly va- 
ried. By this Experiment. therefore, as well 
-as by the former computation, it was evideat, 
that the difference of the Incidence of Rays, 
flowing from divers parts of the Sun could not 
(make them, after decuſſation, diverge at a 
ſenſibly greater Angle, than that at which they 
before converged ; which being, at moſt, but 
about thirty one or thirty two Minutes, there 
ſtill remain'd ſome other cauſe to be found out, 
from whence it could be two Deg. 49. 
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Then I began to ſuſpect, whether the Rays, 
after their Trajection through the Priſm , did 
not move in curve Lines, and according to their 
more or leſs Curvity tend to divers parts of the 
Wall. And it increas'd my ſuſpicion, when I 
remember*d that I had often ſeen a Tennis-Ball, 
ſtruck with an oblique Racket, deſcribe ſuch a 
curve Line. For, a Circular as well as a 
Progreſſive Motion being communicated to it 
by that ſtroak, its parts on that ſide, where the 
Motions conſpire, muſt preſs and heat the con- 
tiguous Air more violently than on the other, and 
there excite a reluctancy and reaction of the 
Air proportionably greater. And for the ſame 
reaſon, if the Rays of Light ſhould poſſibly be 
globular Bodies, and by their oblique Paſſage 
out of one Medium into another, acquire a 
Circulating Motion, they ought to feel the 
greater reſiſtence from the ambient Xther, on 
that fide, where this Motions conſpire, and 
thence be continually bowed to the other. But 
notwithſtanding this plauſible ground of ſuſpi- 
cion, when I came to examine it, I could ob- 
Free no ſuch Curvity in them. And beſides 

which was enough for my purpoſe) I obſerv'd, \ 
that the difference *twixt the length of the I- | 
mage, and Diameter of the Hole, through }. 
which the light was tranſmitted, was proporti- 
onable to their diſtance. 

The gradual removal of theſe ſuſpicions, at 
length led me to the Experimentum Crucis, which 
was this; I took two Boards, and plac'd one 
of them cloſe behind the Priſm at the Win- 
dow, ſo that the light might paſs through a 
ſmall hole, made in it for the purpoſe, and fall 
on the other Board, which I plac'd at about 
twelve Feet diſtance, having firſt made a ſmall 

H 3 hole 


102 Miſcellanea Curioſa. 


hole in it alſo, for ſome of that incident Light 
to paſs through. Then I plac'd another Priſm 
behind this ſecond Board, fo that the Light, 
trajected through both the Boards, might paſs 
through that alſo, and be again refracted be- 
fore it arrived at the Wali. This done, I took 
the firſt Priſm in my Hand, and turn'd it to 
and fro ſlowly about its Axis, ſo much as to 
make the ſeveral parts of the Image, caſt on 
the ſecond Board, ſucceſſively paſs through the 
hole in it, that I might obſerve to what places 
on the Wall the ſecond Priſm would refract 
them. And I ſaw by the variation of thoſe 
Places, that the Light, tending to that end'of 
the Image, towards which the Refraction of 
the firſt Priſm was made, did, in the ſecond 
Priſm, ſuffer a Refraction conſiderably greater 
than the Light tending to the other end. And 
ſo the true cauſe of the length of that Image 
was detected to be no other, than that Light 
conſiſts of Rays differently refrangible, which, 
without any reſpec to a difference in their in- 
cidence, were, according to their degrees of 
refrangibility, tranſinitted towards divers parts 
of the Wall. 
When I underſtood this 1 left off my aforeſaid 
1 Glaſs Works; for I ſaw, that the perfection of 
Teleſcopes: was hitherto limited, not ſo much 
for want of Glaſſes truly figured according to 
the preſcriptions of Optick-Authors (which all 
Men have hitherto imagin'd), as becauſe that 
Light itſelfis a Heterogeneous mixture of different- 
ly refrangible Rays. So that, were a Glaſs fo 


c exactly figured, ſo as to collect any one ſort of 


Rays into one Point, it could not collect thoſe 
alſo into the ſame point, which having the ſame 
Incidence upon the ſame Medium are apt to 
ſuffer 

/ 
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ſuffer a different Refraction. Nay, I wonder'd, 
that ſeeing the difference of Refrangibility was 
ſo great, as I found it, Teleſcopes ſhould arrive 
to that perfection they are now at. For, 
meaſuring the Refractions in one of my Priſmes, 


I found, that, ſuppoſing the common Sine of 


Incidence upon one of its plains, was fourty 
four Parts, the Sine of Refraction of the ut- 
moſt Rays on the red end, of the Colours, made 
out of the Glaſs into the Air, would be ſixty 
eight parts, and the Sine of Refraction of the 
the utmoſt Rays on the other end, ſixty nine 
parts ; ſo that the difference is about a twenty 
fourth or twenty fifth part of the whole Re- 

ration. And conſequently, the Object-glaſs 
Jof any Teleſcope canuot collect all the Rays, 

which come from one point of an Object, ſo as 


to make them convene at its focus in leſs room 


than in a Circular ſpace, whoſe Diameter is the 
ſiftieth part of the Diameter of its Aperture; 
which is an irregularity, ſome hundreds of times 
greater, than a circularly figured Lens, of ſo 
{mall a ſection as the Object-glaſſes of long 
Teleſcopes are, would cauſe by the unfitneſs of 
its Figure, were Light uniform. 

This made me take Reflections into conſider- 
ation, and finding them regular, ſo that the 
Angle of Reflection of all ſorts of Rays was e- 
qual to their Angle of Incidence; I underſtood, 
that by their mediation, Optick Inſtruments 
might be brought to any degree of Perfection 
imaginable, provided a Reflecting Subſtance 
could be found, which would poliſh as finely as 
Glaſs, and reflect as much Light as Glaſs tranſ- 
mits, and the art of communicating to it a Pa- 
rabolick, Figure be alſo attain'd. But there 
ſeem'd very great difficulties, and I have al- 
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moſt thought them inſuperable, when I further 
conſider'd, that every irregularity in a reflect- 
ing Superficies makes the Rays ſtray five or ſix 
times more out of their due courſe, than the 
like irregularities in a refracting one: So that 
a much greater curioſity would be here requiſite, 
than in Figuring Glaſſes for Refraction. 

Amidſt theſe Thoughts I was forc'd from 
Cambridge by the Intervening Plague, and it 
was more than two Years before I proceeded 
further. But then having thought on a tender 
way of poliſhing, proper for Metal, whereby, 
as I imagin'd, the Figure alſo would be cor- 
rected to the laſt; I began to try, what might 
be effected in this kind, and by degrees ſo far 
perfected an Inſtrument (in the eſſential parts 
of it like that I ſent to London,) by which 1 
could diſcern Jupiters four Concomitants, and 
ſnew'd them divers times to two others of my 
Acquaintance. I could alfo diſcern the Moon- 
like Phaſe of Venus, but not very diſtinaly, 
nor without ſome niceneſs in diſpoſing the In- 
ſtrument. | 

From that time I was interrupted till this laſt 

Autumn , when I made the other. And as 
that was ſenſibly better than the firſt (eſpecial- 
ty for Day-Objeas,) fo 1 doubt not but they 
will be ſtill brought to a much greater per- 
fection by their endeavours, who, as you in- 
form me, are taking care about it at Lon- 
don. | 993 - 

I have ſometimes thought to make a Micro- 
ſcope, which in like manner ſhould have, in- 
ſtead of an Object-glaſs, a reflecting piece of 
Metal. And this I hope they will al fo take in- 
to conſideration: For thoſe Inſtruments ſeem 
$ capable of improvement as Teleſcopes, and 
6 2 24 perhaps 
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perhaps more, becauſe but one reflective piece 
of Metal is requiſite in them, as you may per- 
ceive in Plate 3. Fig. 1. where AB repreſen- 
teth the Object Metal, CD the Eye-glaſs, F 
their common Focus, and O the other Focus 
of the Metal, in which the Object is placed. 

But to return from this digreſſion, I told 
you, that Light is not ſimilar, or homogeneal, 
but conſiſts of diſfform Rays, ſome of which are 
more refrangible than others: So that of thoſe, 
which are alike incident on the ſame Medium, 
ſome ſhall be more refracted than others, and 
that not by any virtue of the Glaſs, or other 
external Cauſe, but from a prediſpoſition , 
which every particular Ray hath to ſuffer a par- 
ticular degree of Refraction. 

I ſhall now proceed to acquaint you with ano- 
ther more notable deformity in its Rays, where- 
in the Origin of Colours is unfolded : Concerning 
which I ſhall lay down the Doctrine firſt, Ad 
then, for its examination, give you an Inſtance 
or two of the Experiments, as a Specimen of 
the reſt. | 
The Doctrine you will find comprehended 
and illuſtrated in the following Propoſitions: 

1. As the Rays of Light differ in degrees of 
Refrangibility, ſo they alſo differ in their diſ- 
poſition to exhibit this or that particular Co- 
lour. Colours are not Qualifications of Light, 


derived from Refractions, or Reflections of na- 
tural Bodies (as 'tis generally believed) but 
Original and eonnate Properties, which in divers | 
Rays are divers. Some Rays are diſpoſed to 
exhibit a red Colour and no other; ſome a yel- 
low and no other, ſome a green and no other, 


and ſo of the reſt. Nor are there only Rays 
proper and particular to the more eminent Co- 
| lours, 
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lours, but even to all their intermediate Gra- 
dations. 

2. To the ſame degree of Refrangibility ever 
belongs tlie ſame Colour, and to the ſame Co- 
lour ever belongs the ſame degree of Refrangi- 
bility. The leaſt Refrangible Rays are all diſpo- 
ſed to exhibit a Red Colour, and contrarily 
thoſe Rays, which are diſpoſed to exhibit a Red 
Colour, are all the leaſt refrangible : So the 


; moſt Refrangible Rays are all diſpoſed to exhibit 
a a deep Violet Colour, and contrarily thoſe which 


are apt to exhibit ſuch a Violet Colour, are all 
the moſt Refrangible. And ſo to all the inter- 
mediate Colours in a continued Series belong 
intermediate degrees of Refrangibility. And 
this Analogy *twixt Colours, and Refrangibi- 
lity, is very preciſe and ſtrict; the Rays always 
either exactly agreeing in both, or. proportio- 
nally diſagreeing in both. 


3. The Species of Colour, and degree of Re- 


frangibility proper to any particular ſort of 
Rays, is not mutable by Refraction, nor by 
Reflection from natural Bodies, nor by any o- 


ther cauſe, that I could yet obſerve. When any 
one ſort of Rays hath been well parted: from 
thoſe of other kinds, it hath afterwards obſti- 
nately retained its Colour, notwithſtanding my 
utmoſt Endeavours to change it. I have re- 
fracted it with Priſmes, and reflected it with 
Bodies, which in Day-light were of other Co- 
lours ; I have intercepted it with the coloured 
Film of Air interceding two compreſſed Plates 
of Glaſs; tranſmitted it through coloured Me- 
diums, and through Mediums irradiated with 
other ſorts of Rays, and diverſly terminated it; 
and yet could never produce any new Colour 
out 
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out of it. It would by contracting and dila- 
ting become more brisk, or faint, and by the 
loſs of many Rays, in ſome caſes very obſcure 
fee dark; but I could never ſee it changed in 

Cite. 

Yet ſeeming Tranſmutations of Colours may: //- 
be made, where there is any mixture of divers 
ſorts of Rays. For in ſuch Mixtures, the com- 
ponent Colours appear not, but, by their mu- 
tual allaying each other, conſtitute a midling 
Colour. And therefore, if by Refraction, or 
any other of the aforeſaid Canſes, the difform 
Rays, latent in ſuch a mixture, be ſeparated, 
there ſhall emerge Colours different from the 
colour of the Compoſition. Which colours are 
not new generated, but only made apparent 
by being parted ; for if they be again 1atirely 
mix*d and blended together, they will again 
compoſe that Colour, which they did before 
ſeparation. And for the ſame reaſon, Tranſ- 
mutations made by the convening of divers Co- 
lours are not real; for when the difform Rays 
are again ſevered, they will exhibit the very | 

ſame Colours, which they did before they en- j 
tered the Compoſition ; as you ſee, Blue and 
Yellow Powders, when finely mixed, appear to 
to the naked Eye Green, and yet the Colours of 
the component Corpuſcles are not thereby re- i 
ally tranſmuted, but only blended. For, when f 
viewed with a good Microſcope, they ſtill ap- 
| pear Blue and Tellom interſperſedly. * 
5- There are therefore two ſorts of Colours. | 


—  . 


—— — 


The one original and ſimple, the other com- 
pounded of theſe. The Original or primary 
Colours are, Red, Yellow, Green, Blue, and a ö 
Violet- purple, together with Orange, Indico, and | 
an indefinite variety of intermediate Grada- | 
tions 6. The 
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6. The ſame Colours in Specie with theſe pri- 
mary ones, may be alſo produced by Compoſi- 
tion: For, a mixture of Tellom and Blue makes 
Green; of Red and Yellow, makes Orange; of 
Orange and Yellowiſh green, makes Yellow. And in 
general, if any two Colours be mixed, which 
in the Series of thoſe, generated by the Priſme, 
are not too far diſtant one from another, they 
by their matual alloy compound that Colour, 
which in the ſaid Series appeareth in the mid- 
way between them. But thoſe, which are ſitu- 
ated at too great a diſtance, do not ſo. Orange 
and Indico produce not the intermediate Green, 
_ Scarlet and Green the intermediate Yel- 

OW. 

7. But the moſt ſurpriſing and wonderful 
Compoſition was that of Whiteneſs. There is 
no on ſort of Rays which alone can exhibit this. 
*Tis ever compounded, and to its Compoſition 
are requiſite all the aforeſaid primary Colours, 
mixed in a due proportion. I have often with 
' admiration beheld, that all the Colours of the 
Priſm being made to converge, and thereby to 
be again mixed as they were in the light before 
it was incident upon the Priſm , reproduced 
light, intirely and perfectly white, and not at all 
; ſenſibly differing from a direct Light of the Sun, 
unleſs when the Glaſſes, I uſed, were not ſuffi- 
ciently clear; for then they would a little incline 
it to their Colour. 

8: Hence therefore it comes to paſs, that 
Whiteneſs is the uſual Colour of Light; for, 
Light is a confuſed aggregate of Rays inducd 
with all ſorts of Colours, as they are promiſcu- 
ouſly darted from the various Parts of luminous 
Bodies. And of ſuch a confuſed aggregate, a3 
1 faid, is generated Whiteneſs, if there - 4 

ue 
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due proportion of the Ingredients ; but if any 
one predominate, the Light muſt incline to that 
Colour; as it happens in the blue Flame of 
Brimſtone, the yellow Flame of a Candle, and 
the various Colburs of the fixed Stars. 

9. Theſe things conſidered, the manner, how 
Colours are produced by the Priſm, is evident. 
For, of the Rays, conſtituting the incident 
Light, ſince thoſe which differ in Colour pro- 
portionally differ in Refrangibility, they by their 
unequal Refractions mult be ſevered and diſper- 
ſed into an oblong Form, in an orderly ſucceſ- 
ſion from the leaſt refrated Scarlet to the moſt 
refracted Violet. And for the ſame reaſon it 
is, that Objects, when looked upon through a 
Priſm, appear coloured. For, the difform 
Rays, by their r 0 Refractions, are made 
to diverge towards ſeveral Parts of the Retina, 
and there expreſs the Images of things coloured, 
as in the former caſe they did the Sun's Image 
upon a Wall. And by this inequality of Re- 
fractions, they become not only coloured, but 
alſo very confuſed and indiſtinct. 

10. Why the Colours of the Rainbow appear 
in falling drops of Rain, is alſo from hence evi- 
dent. For, thoſe drops, which' refra& the 
Rays, diſpoſed - to appear purple, in greateſt 
quantity to the SpeQators Eye, refract the Rays 
of other ſorts ſo much leſs, as to make them 

aſs beſide it; and ſuch are the drops on the 
inſide of the Primary Bow, and on the outſide 
of the Secondary or Exteriour one. So thoſe 
drops, which refract in greateſt plenty the Rays, 
apt to appear red, toward the Spectator's Eye, 
refract thoſe of other ſorts ſo much more, as to 
make them paſs beſide it; and ſuch are the 


drops 
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drops on the exteriour part of the Primary, and 

interiour part of the Secondary Bow. 
11. The odd Phænomena of an infuſion of 
' Lignum Nephriticum, Leaf-gold, Fragments of co- 
: loured Glaſs, and ſome other tranſparently co- 
loured Bodies, Fppearing in one Poſition of one 
Colour, and of another in another, are on theſe 
grounds no longer Riddles. For, thoſe are 
Subſtances apt to reflect one ſort of Light, and 
tranſmit another; as may be ſeen in a dark 
room, by illuminating thenwvith ſimilar or un- 
compounded Light. For, then they appear of 
that Colour only, with which they are illumina- 
( ted; but yet in one Poſition more vivid and lu- 
minous than in another, accordingly as they are 
difpoſed more or leſs to reflect or tranſmit the 

incident Colour. / 

12. From hence alſo is manifeſt the reaſon of 
an unexpected Experiment, which Mr. Hook. 
ſomewhere in his Micrography relates to have 
made with two wedge-like tranſparent Veſſels, 
Fd the one with a red, the other with a bluc 
Liquor; namely, that though theywere ſeve- 
rally tranſparent enough, yet both together be- 
came opake : For, if one tranſmitted only red, 
and the' other only blue, no Rays could paſs 
through both. | 

13. I might add more Inſtances of this Na- 

ture; but I ſhaſl conclude with this general 

one, that the Colours of all natural Bodies have 
no other Origin than this, that they are vari- 
ovſly qualified to reflect one fort of Light in 
greater plenty than another. And this I have 
experimented in a dark room, by illuminating 
thoſe Bodies with uncompounded Light of di- 
vers Colours. For by that means any body may 


be made to appear of any Colour. They have 
| there 


— 
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there no appropriate Colour, but ever appear 
of the.Colour of the Light caſt upon them ; but 
yet with this difference, that they are moſt 
brisk and vivid in the Light of their own day- 
light-colour. Minium appcareth there of any 
Colour indifferently, with which *tis illuſtrated, 
but yet moſt luminous in red; and fo Biſe ap- 
peareth indifferently of any Colour with which 
tis illuſtrated, but yet moſt luminous in blue. 
And therefore Minium reflecteth Rays of any 
Colour, but moſt copiouſly thoſe endued with 
red ; and conſequently when illuſtrated. with 
day-light, that is, with all ſorts of Rays pro- 
miſcuouſly blended, thoſe qualified with red 
ſhall abound moſt in the reflected Light, and by 
their prevalence cauſe it to appear of that Co- 
lour. And for the ſame reaſon Biß, reflecting 
blue moſt copiouſly, ſhall appear blue by the ex- 
ceſs of thoſe Rays in its reflected Light; and 
the like of other Bodies. And that this is the 
intire and adequate cauſe of their Colours, is 
manifeſt, becauſe they have no power to change 


or alter the Colours of any ſort of Rays incident 


apart, but put on all Colours indifferently, with 
which they are inhightned. | 

Theſe things being ſo, it can be no longer 
diſputed, whether there be Colours in the dark, 


nor whether they be the Qualities of the Ob- 


jeaxs we ſee, no nor perhaps, whether Light | 


be a Body. For, ſince Colours are the Qualities 
of Light, having its Rays for their intire and 


immediate Subject, how can we think thoſe Rays 
Qualities alſo, unleſs one Quality may be the 
ſubject of and ſuſtain another; which in effect is 


to call it Subſtance. We ſhould not know Bo- 
dies for Suhſtances, were it not for their ſenſible 

Qualities; and the principal of thoſe bein — 
| | foun 
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found due to ſomething elſe, we have as good 
reaſon to believe that to he a Subſtance alſo. 

Beſides, whoever thought any Quality to be 
a heterogeneous aggregate, ſuch as Light is diſ- 
covered to be? Bur, to determine more abſo- 
lutely, what Light is, after what manner re- 
fracted, and by what modes or actions it produ- 
ceth in our Minds the Phantaſms of Colours, is 
not ſo eaſie. And I ſhall not mingle Conjectures 
with Certainties. 

Reviewiag what I have written, I ſee the Diſ- 
courſe it ſelf will lead to divers Experiments 
ſufficient for its Examination; and therefore 1 
ſhall not trouble you farther, than to deſcribe 
one of thoſe, which I have already inſinuated. 
In a darkened Room, make a hole in the ſhut 
of a Window, whoſe Diameter may conveni- 
ently be about a third part of an Inch, to admit 
a convenient quantity of the Sun's Light: And 
there place a clear and colourleſs Priſm, to re- 
fract the entring Light towards the farther part 
of the room; which, as I ſaid, will thereby be 
diffuſcd into an oblong coloured Image. Then 

place a Zens of about three Foot Radius (ſup- 
poſe a broad Objet-glaſs of a three Foot Tele- 
ſcope, ) at the diſtance of about four or five Foot 
from thence, through which all thoſe Colours 
may at. once be tranſmitted, and made by its 
Refraction to convene at a farther diſtance of 
about ten or twelve Feet. If at that diſtance 
you intercept this Light with a ſheet of white 
Paper, you will ſee the Colours converted into 
whiteneſs again by being mingled. But it is re- 

1 ' quiſite, that the Priſm and Lens be placed ſted- 
dy, and that the Paper, on Which the Colours 
are caſt, be moved to and fro; for, by ſuch 
motion, you will not only find at what * 

| | the 
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the whiteneſs is moſt, perfect, but alſo ſee, how 
the Colours gradually convene, and vaniſh into 
_ whiteneſs ; and afterwards, having croſſed one 
another in that place where they compound 
Whiteneſs, are again diſſipated and ſevered, 
and ia an inverted order retain the ſame Co- 
lours, which they had before they entered the 
Compoſition. You may alſo ſee, that, if any 
of the Colours at the Lens be intercepted, the 
Whiteneſs will be changed into the other Co- 
lours. And therefore, that the Compoſition of 
whiteneſs be perfect, care muſt be taken that 
none of the Colours fall beſides the Lens. 

In the agnexed Deſign, Tab. 3. Fig. 2. of this 

iment, ABC expreſſeth the Priſm ſet 
endwiſe ro gh „ Cloſe by the hole F of the 
Window E C. Its vertical Angle A B C may 
conveniently be about 60 degrees: MN de- 
ſigneth the Lens. Its breadth 22 or 3 Inches. 
SF one of the ſtreight Lines, in which difform 
Rays may be conceived to flow ſucceſſively from 
the Sun. FP, and FR two of thoſe Rays un- 
equally refracted, which the Lens makes to con- 
verge towards Q, and after decuſſation to di- 
verge again. And HI the Paper, at divers di- 
ſtances, on which the Colours are projected 
which in Q conſtitute Whireneſs, but arc Red 
and Tellom in R, r, and p, and Blue and Purple 
in P, p, and T. ; 

If you procced further to try the impoſſibility 
of changing any uncompounded Colour (which 
I have aſſerted in the third and thirteenth Pro- 
politions,) *tis requiſite that the Room may be 
very dark, leſt any ſcattering light, mixing 
with the Colour, diſturb and allay it, and ren- 
der it compound, contrary to the deſign of the 
Experiment. *Tis * requiſite, that there be 

4 per- 
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a perfecter ſeparation of the Colours, than, af- 
ter the manner above deſcribed, can be made 
by the Refraction of one ſingle Priſm; and how 
to make ſach farther ſeparations, will ſcarce be 
difficult to them, that conſider the diſcovered 
Laws of Refractions. But if trial ſhall be made 


with Colours not througly ſeparated, there muſt 


be allowed changes proportionable to the mix- 
ture. Thus if compound Yellow light fall upon 
blue Biſe, the Biſe will not. appear perfectly 
yellow, but rather greea, becauſe there are in 
the yellow mixture many Rays indued with 
green, and green being leſs remote from the 
uſual blue Colour of Biſe than yellow, is the 

more copiouſly reflected by it. | 
In like manner, if any one of the: Priſmatick 
Colours, ſuppoſe red, be intercepted, on defign 
to try the aſſerted impoſſibility of-reproducing 
that Colour out of the others which are preter- 
mitted ; *tis neceſſary, either that the Colours 
be very well parted before the red be interce- 
pted; or that, together with the red, the neigh- 
bouring Colours, into which any red is fecretly 
diſperſed, (that is, the yellow, and perhaps 
green too) be intercepted ; or elſe, that al- 
lowance be made for the emerging of ſo much 
red out of the yellow green, as may poſſibly 
have been diffuſed, and ſcatteringly blended in 
thoſe Colours. And it theſe things be obſerved, 
the new Production of red, or any intercepted 

Colour will be found Impoſſible. | 
This, I conceive, is enough for an Introdu- 
ction to Experiments of this kind; which if any 
of the Royal Society ſhall be ſo curious as to pro- 
ſecute, I ſhould, be very glad to be informed 
with what ſucceſs: That, if any thing ſeem to 
be defective, or to thwart this Relation, | may 
8 aa Io 25 W 
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have an opportunity of giving farther Direction 
about it, or of acknowledging my Errors, if ! 
have committed any. 


Since the Publication of this Theory, ſome Mi ſun- 
derſtandings happenino between a French Philo- 
ſopher at Paris and Mr. Newton, he has endea- 
vour'd to explain himſelſ a little further in theſe 
Things according to the following Method. 


DEFINITIONS. 


1. I call that Light Homogeneal, Similar, or 
Uniform whoſe Rays are equally refrangible. 

2. And that Heterogeneal, whoſe Rays are 
unequally refrangible. 


Note, There are but three Affections of Light 
in which I have obſerved its Rays to difter 
viz. Refrangibility, Reflexibility, and Colour 
and thoſe Rays which agree in Refrangibility 
agree alſo in the other two, and therefore may 
well be defined Homogeneal ; eſpecially ſince 
Men uſually call thoſe things Homogeneal, which 
are ſo in all Qualities that come under their 
Knowledge, *though in other Qualities that 
their Knowledge extends not to, there may poſ- 
ſibly by ſome Heterogeneity. 


3. Thoſe Colours I call 71 5 or Homoge- 
neal, which are exbibited by Homogeneal 
Light. 

1 And thoſe Compound or Heterogeneal, 
which are exhibited by Heterogeneal Light. 

5. Different Colours, I call, not only the 
more eminent Species Red, Yellow, Green, Blue, 
Purple, but all other the minuteſt Gradations; 

I 2 | much 
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much after the ſame manner, that not only the 
more eminent Degrees in Muſick, but all the 
leaſt Gradations, are eſteemed different Sounds. 


PROPOSITIONS. 


1. The Snn's Light conſiſts of Rays differing 
by indefinite Degrees of Refrangibility. 

2. Rays which differ in Refrangibility, when 
parted from one another, do proportionally dif- 


fer in the Colours which they exhibit. Theſe 


Two Propoſitions are Matter of Fact. 

3. There are as many Simple or Homogeneal 
Colours, as Degrees of Refrangibility. For to 
every Degree of Refrangibility belongs a dif- 
ferent Colour, by Prop. 2. and that Colour is 
ſimple, by Def. 1. and 3. 

4. Whiteneſs, in all reſpects like that of the 
Sun's immediate Light, and of all the uſual Oh- 
jects of our Senſes, cannot be compounded of 
two ſimple Colours alone. Fox Tuch a Compo- 
ſition muſt be made by Rays that have only two 
Degrees of Refrangibility, by Def. 1, and 3. 
and therefore it cannot be like that of the Sun's 
Light, by Prop. 1. nor, for the ſame Reaſon, 
like that of ordinary white Objects. 

5. Whiteneſs, in all reſpects, like that of the 
Sun's immediate Light, cannot be compounded 
of ſimple Colours without an indefinite Variety 
of them. For to ſuch a Compoſition, there are 
requiſite Rays endued with all the indefinite De- 
grees of Refrangibility, by Prop. 1. And thoſe 
infer as many ſimple Colours, by Def. 1, and 3. 
and Prop. 2, and 3. 

Io make theſe a little plainer, I have added 
alſo the Propoſitions that follow. | | 


* | 6. The 
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6. The Rays of Light do not act on one ano- 
ther, in paſſing thro? the ſame Medium. 

7. The Rays of Light ſuffer not any change 
of their Qualities from Refraction. | 

8. Nor afterwards from the adjacent quiet 
Medium : Theſe two Propoſitions are manifeſt 
de Fafto in Homogeneal Light, whoſe Colour 
and Refrangibility is not at all changeable, ei- 
ther by Refraction, or by the contermination of 
a quiet Medium. And as for Heterogeneal 
Light, it 1s but an Aggregate of ſeveral ſorts 
of Homogeneal Light, no one fort of which 
ſuffers any more alteration than if it were a- 
lone; becauſe the Rays act not on one another, 
by Prop. 6. and therefore the Aggregate can 
ſuffer none. Theſe two Propoſitions alſo might 
be further proved apart, by Experiments too 
long to be here deſcribed. | | 

9. There can no Homogeneal Colours be e- 
duced out of Light by Refraction, which were 
not commixt in it before: Becauſe by Prop. 7, 
and 8. Refraction changeth not the Qualities of 
the Rays, but only ſeparates thoſe which have 
divers Qualities, by means of their different Re- 
frangibility. 

10. The Sun's Light is an Aggregate of an 
indefinite Variety of Homogeneal Colours, by 
Prop, 1, 3, and 9. And hence it is, that I call 
Homogeneal Colours alſo Primitive or Original. 

And thus much concerning Colours. 


For a further Illuſtration of this Doftrin, Mr. New - 
ton, in his Book of Opticks lately publiſhed, has by | 
undeniable Experiments explained moſt of the | 
Principal Phenomena of Light and Colours : To 
which we refer the Reader. 


I 3 b 
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A Demonſtration concerning the Me- 
tion of Light, communicated from 
Paris. | 


FP have been labouring for many 
Vears to decide by ſome Experiment, whe- 
ther the Action of Light be conveyed in an in- 
ſtant to diſtant Places, or whether it requireth 
time. M. &omer,of the Royal Academy of Scien- 
ces, hath deviſed a way taken from the Obſerva- 
tions of the firſt Satellit of Jupiter, by which he 
; demonſtrates, that for the diſtance of about 
3000 Leagues, ſuch as is very near the bigneſs 
of the Diameter of the Earth, Light needs not 
one Second of Time. | 
Let (in Hg. 3. Tlate 3.) A be the Sun, B 
Jupiter C the firſt Satellit of Jupiter, which 
enters into the ſhadow of Jupiter, to come out 
at D, and let EFGHRXL be the Earth, pla- 
ced at divers diſtances from Jupiter. 

Now ſuppoſe the Earth, being in L towards 
the ſecond Quadrature of Jupiter, hath ſeen the 
firſt Satellit, at the time of its emerſion, or iſ- 
ſuing out of the ſhadow at D, and that ahout 
425 hours after (viz. after one Revolution of 
this Satellit) the Earth being in X, do ſee it re- 
turned in D: It is manifeſt, that if the Light 
require time to traverſe the Interval LX, the 
Satellit will be ſeen returned later in D, than it 
would have been if the Earth had remained in 
L. So that the Revolution of the Satellit being 
thus obſerved by the Emerſions, will be 2 5 

| Gee 


+ 
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dal by ſo much time, as the Light ſhall have 
taken in paſling from L to &; and that on the 
contrary, in the other Quadrature FG, where 
theEarth by approaching goes to meet theLight, 
the Revolutions of the Emerſions will appear to 
be ſhortned, by ſo much as thoſe of the Emer- 
ſions had appear'd to be lengthned. And be- 

' cauſe 421 hours, which this Satellit very near 
takes to make one Revolution, the diſtance be- 
tween the Earth and Jupiter, in both the Qua- 
dratures, varies at leaſt 210 Diameters of the 
Earth: It follows, that if for the Account of 
every Diameter of the Earth there were requi- 
red a Second of Time, the Light would take 
33 Minutes for each of the Intervals G FE, X L; 
which would cauſe near half a quarter of an 
Hour between two Revolutions of the firſt Sa- 
tellit, one obſerved in FG, and the other in 
K L, whereas there is not obſerved any ſenſible 
difference, ' - * 

Yet doth it not follow hence, that Light de- 
mands no time. For after M. Romer had exa- 
min'd the thing more nearly, he found that 
what was not ſenſible in two Revolutions, be- 
came very conſiderable in many being taken to- 
gether; and that, for Example, forty Revolu- 
tions obſerved on the ſide E, might be ſenſibly 
ſnorter, than forty others obſerved in any place 
of the Zodiack where Jupiter may be met with; 
and that in proportion of Twenty two for the 
whole Interval of H E, which is the double of 
the Interval that is from hence to the Sun. 

The Neceſſity of this new Equation of the re- 
tardment of Light, is eſtabliſhed by all the Ob- 
ſervations that have been made in the Royal 
Academy, and in the Obſervatory, for the ſpace 


of cight Years ; and it hath beca lately confir- 
| 14 med 
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med by the Emerſion of the firſt Satellit obſerved 
at Paris, the 9th of Novembor laſt, at 5 a- clock 
35 45 at night, 10 minutes later than it was 
to be expected, by deducting it from thoſe that 
had been obſerved in the Month of Auguſt, when 
the Earth was much nearer to Jupiter ; which 
M. Romer had predicted to the ſaid Academy 
from the beginning of September. 
But to remove all doubt, that this Inequality 
/ is cauſed by the retardment of the Light, he 
demonſtrates, that It cannot come from any 
Excentricity or other cauſe of thoſe that are 
commonly alledged to explicate the Irregulari- 
ties of the Moon, and the other Planets; tho? he 
be well aware, that the firſt Satellit of Jupiter 
was excentrick ; and that, beſides his Revolu- 
tions were advanced or retarded, according as 
Jupiter did approach to or recede from the Sun; 
as alſo, that the Revolutions of the Primum 
- Aﬀobile were unequal : Yet, faith he, theſe three 
_ laſt cauſes of — NN do not hinder the firſt 
from being manifeſt. LIFE 
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An introductory Eflay to the Do- 
drine of Sounds, containing ſome 
Propoſals for the improvement of 
Acouſticks ; As it was preſented : - 
tothe Dublin Society, Ns 12. 
1683, by the Right Reverend 
Father in God Narciſſus Lord Bi- 
bop of Ferns and Leighlin. 


Bax to treat of the Doctrine of Sounds, 1 
hold it convenient to premiſe ſomething 
in the general concerning this Theory; which 
may ſerve at once to ingage your Attention, 
and excuſe my pains, when I ſhall have recom- 
mended them, as beſtow'd ion a Subject not al- 
together uſeleſs and unfruitful. COTS 
And for this purpoſe I ſhall omit to ſpeak a- 
ny thing of the Excellency of the Matter in 
Hand; tho' it might be celebrated by Argu- 
ments drawn from ſeveral Topicks, and pa r- 
ticularly from this, that new Diſcoveries and 
Improvements may be made both as to the Ge- 
neration, Propagation and Reception of Sounds in- 
to the Senſe; which, in a pe uliar manner a- 
grees to this, above the Object of any other 
Senſe whatſoever. I ſhall, I ſay, omit theſe 
things, and apply my ſelf wholly to the V/eful- 
eſs of the Theory, that we are now falling up- 
pon ; which I think cannot better be diſcover- 
ed, than by making a compariſon Nu ug 
| 1 . Senſes 
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Senſes of Seeing and Hearing as to their Im- 
provements. mean, by ſhewing, that this 
latter of Hearing is capable of all thoſe im- 
provements which the Senſe of Seeing has re- 
'ceiv'd from Art, beſides many more advantages 
that the Ear may enjoy, by the help of our 
Doctrine, above the Eye; all which moreover 
je be of as great benefit to Mankind, as any 


thing that Opt icłę have yet diſcover'd, if not of 
greater ; which, with ſome other preeminen- 
cĩes that it has upon another Score, will happi- 

: ++ Ty render Acoufficks the nobler Science of the 
two. 

In order to the making good what I bat now 
promiſed of the Compariſon of theſe two Fa- 
culties of Seeing and Hearing, as to their Im- 
provements, I obſerve, 

That Viſion is threefold, Direct, Refracted, 

„ and Reflex'd ; anſwerable whereunto we have 
Oprick,, Diopttricks, and Catoptricks. . 
In like manner Hearing may be divided into 
Direct, Refratted and Reflex'd ;, whercto anſwer 
three parts of our Doctrine of Acouſticks, which 
are yet nameleſs, unleſs we call them Acauſtichs, 
Diacou icks. and Cathacouſticks, or (in another 
Senfe, but to as good Purpoſe) Phonicks, Diapho- 
nicks, and Cataphonicks.” | 

1. Direct Viſion has been improv'd two ways, 
3 parte Objecti, and ex parte Organi vel Me- 

ii. 

I. Ex parte Ohjecti Direct Viſion has receiv'd 
advantages by the Arts of Producing, Conſerving 
and Imitating Light and Colours, which are the 
Objects of Viſion. 

1. For the Art of Producing Light, we have 
the Frication of all hard Bodies that beget 
Fire; eſpecially of the Flint and Steel — 

inſtea 
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inſtead of the Flint, moſt hard Stones (as well 
as the Cane) may be us'd to the ſame effect, as 
upon trial I have found. Add hereto the lately 
invented Pheſphorus, which is a new and admir- 
able way of producing a Lucid Subſtance by Art, 
out of a Body in itſelf not Lucid; and there-! ' 
fore may not unfitly be term'd an Artificial 
production of Light. 

And then of the Art of Concerving Light, 
the Lapis Bononienſis is a notable inſtance; and is T 
ſo happily were the Su chr Lamps of the An- 
cients. 

2. As to Colours, *tis the, greateſt part of the 
Art of Dying to be able to make and fix (that is 
preſerve) them; and the Painters and Limners 
will own it to be no ſmall part of their Skill to 
be able well to Mix (that is, in effect, to Gene- 
rate) Cele: ee 

3. For Imitation of Light and Colours, tis well 
known how far Perſpective with the Art of Limnj- 
ing and Shadowing have gone therein, which all 
tend ſome way to the Advance, or Improve-* 
ment of Direct Viſion. 

Add to all theſe, That 4 due Application of 
Light to the Objett renders it Ville, if it were 
not ſo before; as appears from a dark Room 
illuminated; or elſe makes it better and: more 
truly diſcernable by the Senſe of Seeing, if . 

fore it might have been diſcern'd. | 

Hence the ſame Colour, in a divers Light, will 

appear different, and no Picture can well be 92 
ſcern'd or judg'd of but by its true Light. B 
ſides, the Limner will aſſure you, that he can 
hardly make true Work or hit the Air of a 
Face exactly, unleſs we draw by a North- Light, 
by reaſon of the Steddineſs of that, and the 
uncertainty of all other Lights whatſoever. 


Which 
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Which. things ſhew, that the Art of duly ap- 
| plying Light to the Object does very much help 
and improve Viſion. So alſo does the due 
| placing of the Object, as to Height and Di- 
| ance. But to enumerate all things that hel 
| 8 Pp 

Direct Viſion, would be infinite. 

2. Ex parte Organi vel Medii Direct Viſion has 

been improv'd by making uſe of a Tube, with- 

out Glaſſes, or a Man's clos'd Hand, to look 
thro'; which admitting into the Eye only the 
Principal Rays, that come directly from the 

Object, do very much ſtrengthen and clear the 

Sight, by excluding all the Collateral Rays, 

that crouding into the Eye, together with the 

direct ones, would confound and diſturb it, 

partly by mixing and interfering with the Di- 

rect Rays, and partly (or rather chiefly) by too 

much enlightning the fund of the Eye, where- 
in Viſion is truly (tho? then imperfectly) made. 
On this is founded the Art of making Spet?- 


*.© © acles without Glaſſes; (as well as Tubes) which is 


done by putting into the Glaſs-holes (inſtead 
of Glaſſes) two ſhort Tubes of between three 
and four Inches long (for their length is to be 

vary'd according to the Ape or Eye of the be- 
holder, and ſo alſo is the Diameter of the ex- 
tream ends) which Tubes being made of Spaniſh 
Leather (or Paſt-board, or ſome ſuch like mat- 
ter) and black'd on the inſide, are ſo to he 
: Plac'd, as that the viſual Rays, receiv'd thro” 
them, may meet in one Point (or rather iſſue 
out from one Point) of the Object ſtanding at 
ſuch a due diſtance, as the Perſon may clearly 
and diſtinctly ſee it, or according to his length 
of Sight (as ABC, in the 4th Fig. Tab. 3.) 
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And theſe Spectacles may be ſuppos'd better 
for preſerving the Sight, than the ordinary ones; 
with Glaſſes, becauſe they repreſent the Ob- 
ject more naturally, and withal more clearly 
and diſtinctly to the Eye, than the other, whoſe 
refracted Rays being collected together with the 
right ones in the Glaſſes, do ſomewhat con- 
found good Viſion, as before]; Eſpecially if the 
viſive Power be ſtrong enough to be ſufficiently 
determin'd by the right Rays alone. 

For I ſpeak. now of preſerving a good Eye by 
theſe Spectacles, which holds in proportion 
true alſo of a bad one. Becauſe thoſe Rays 
(both right and refraQed) being colle&ed and 
brought ſo near the Eye (whether good or bad) 
as the Spectacles are uſually plac'd, do too much 
affect it, both by their own brightneſs, and al- 
ſo by the brightneſs of the Colours of the Ob- 
jet (when they are bright) which is brought 
very near alſo ; whereby the Eye is dazFd and 
confounded, unleſs there be a ſtrong attention 
and cenatus of the Spirits, whereto the bright 
Rays do certainly engage them, which of neceſ- 
ſity weakens Viſion, eſpecially if theſe Glass 
ſpectacles he much us'd. = 

Wherefore the now deſcrib'd new Tube- 
ſpectacles, contributing ſo much to the help and 

reſervation of Sight, may well be counted an 
improvement of Direct Viſion, becauſe they con- | 


vey the Rays to the Eye without any kind of 
refraction whatſoever. Seeing the ſame. Ob- 
ject alſo through various holes, plac'd at cer- - 
tain diſtances, does ſomewhat alter Viſion ; 
but of this perhaps more hereafter. 

Now as Direct Viſion has thus been improv- 
ed, ſo likewiſe Direct Hearing partly has already 
receiv'd , and partly may (by the Doctrine 

nee whereof 
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whereof we are treating, (if well cultivated) 
farther receive as great and notable Improve- 
ments, both ex parte Objecti, and ex parte Or- 
gani vel Medii. 
1. As to the Object of Hearing, which is 
Sound, improvement has been and may be 
made, both as to the Begetting, and as to the 
Conveying and Propagatiug (which is a kind of 
Conſerving) of Sounds. q 
1. As to the Begetting of Sounds. The Art 
of imitating any Sound, whether. by Speakins 
(that is pronouncing) aa any kind of Lan- 
>. (Which really is an Art, and the Art of 
175 perhaps one of the greateſt) or b 
Whiſtlins, or by Singing (which are allow'd Arts 
or by Hollawing or Turing (which the Huntſ- 
man, or Faulkner would have to be an Art alſo) 
or by imitating with the Mouth (or otherwiſe) 
the Voice of any Animal, as of Ouails, Cats, 
aud the like, or by Repreſenting any Sound be- 
otten by the Colliſion of Solid Bodies, or af- 
er any other manner; theſe are all Improve- 
ments of Direct Hearing, and may be improv'd. 
Moreover the Skill to make all forts of Mu- 
ſical Inſtruments, both Ancient and Modern, 
whether Wind Inſtruments or String'd, or of a- 
ny other ſort, whereof there are very many 
(as Drums, Bells, the Syſtrum of the Egyprians, 


and the like) that beget (and not only propa- | 
gate) Sounds; the Skill of making theſe, 1 \ 
4, is an Art, that has as muck improy'd Direct | 


Hearing, as an Harmonious Sound exceeds a 
ſingle and rude one, that is, an immuſical Tune; 
which Art is yet capable of farther improve- 
ment. And 1 do hope, that by the Rules, 
Which may happily. be laid down concerning 
the Nature, Propegatios and Proportion or A- 
eee ads Ke ae SS) 
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dapting of Sounds, a way may be found out, 
both to improve Muſical Inſtruments already in 
uſe, and to invent new ones, that ſhall be more 
ſweet and luſhious, than any yet known. Be- 
ſides that, by the ſame means Inſtruments may 
be made, that ſhall- imitate any ſound in Na- 
ture, that is not Articulate, be it of Bird, 
Beaſt, or what thing elſe ſever. 

2. The Conveying and Propagating (Which is a 
kind of Conſerving) of Sounds, is much help'd 
by duly placing the Sonorous Body, and alſo by the 
Medium, | | | 

For if the Medium be Thin and Queſcent, 
and the Sounding Body plac'd conveniently, the 
Sound will be eaſily and regularly propagated, ® 
and mightily conſerv'd. I ſay, | 

1. If the Medium be thin and Quieſcent, be- 
cauſe it otherwiſe cauſes a Reſracted Sound, of 
which afterwards. Hence in a ſtill Evening or 
the dead of the Night (when the Wind ceaſes) a a 
Sound is better ſent out and to a greater di- 
ſtance than otherwiſe, tho* much of this may 
be aſcrib'd to it's Refraction alſo. 

2. I ſay, that the Sonorous Body muſt be plac'd 
conveniently, near a Smooth Wall, near Water, or 
a Plain, whoſe Surface is even. 

1. Near 4 Smooth Wall, either Plain or 
Arch'd (Cycloidically or Elllptically , rather 
than otherwiſe,” tho a Cor or any Arch 
will do, but not fo well.) 

Hence in a Church, the nearer the Preacher 
ſtands to the Wall (and certainly tis much the | 
beſt way to place Pulpits near the Wall) the 
better is he heard, - eſpecially by thoſe who ſtand | 
near the Wall alſo, though at a greater- di- 
ſtance from the Pulpit ; thoſe at the remoteſt 
end of the Church, by laying their an 
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what cloſe to the Wall, may hear him eaſier 
than thoſe in the middle. 

Hence alſo do ariſe Whiſpering Places, For 
the Voice being apply'd to one end of an Arch, 
eaſily rowls to the other. And indeed were the 
motion and propagation of Sounds but rightly 
underſtood, *twould be no hard matter to con- 
trive Whiſpering Places of infinite variety and 
.1 uſe. And perhaps there could be no better or 
S more pleaſant hearing A Conſort of Muſick, than 
at ſuch a place as this, where the Sounds rowl- 
ing along together, before they come to the Ear, 
muſt needs conſolidate and imbody into one; 
which becomes a true compofition of Sounds, 
and is the very Life and Sou] of Conſort. 

2. If the Sonorous Body be plac'd near Wa- 
ter the Sound will eaſily be convey'd, yet mol- 
fied ; as Experience teacheth us from a Ring 
of Bells near a River and a great Gun ſhot off 
at Sea which differ much in the ſtrength, and 
yet ſoftneſs and continuance or propagation of 
their Sounds, from the ſame at Land, where 
the Sound is more harſh and more periſhng, or 
much ſooner decays. 

3. In a Plain a Voice may be heard at a far 
greater diſtance than in uneven Ground. 

The Reaſon of all which laſt nam'd Phænome- 
na is the ſame, becauſe the Sonorous Air meet- 
ting with little or no reſiſtence upon a Plane 
(much leſs upon an Arch'd) ſmooth Superficics 
caſily rowls along it, without being let or hin- 
dred in its Motion, and conſequently without 
having its parts disfigured, and put into an- 
other kind of Revolution, than what they had 
at the firſt begetting of the Sound. Which is 
the true cauſe of its Preſervation or Progreſſio, 
and fails much when the Air paſſes over an un- 

CO” even 
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even Surface, according to the degrees of its 
inequality, and ſomewhat alſo, when it paſſes 
over the plain Superficies of a Body that is hard 
and reſiſting. 5 

Wherefore the ſmooth top of the Water (by 
reaſon of its yielding to the Arch'd Air, and 
gently riſing again with a kind of reſurge, like 
to Elaſticity, tho it be not fo, by which re- 
ſurge 1t quickens and haſtens the motion of the 
Air rowling over it, and by its yielding pre- 
ſerves it in its Arch'd Cycloidical or Eliptical \ 
Figure) the ſmooth top of the Water, I ſay, for | 
theſe reaſons, and by theſe means, conveys a a 
Sound more entire and to a greater diſtance | 
than the plain Surface of a piece of Ground, 4 
wat, or any other Solid Body whatever can 

0. | 

As for the Speaking Trumpet, by which a 
Voice may be convey'd to 4 r di- 
ſtance, I. refer its conſideration to that of Re- 
fracted Sounds or Refracted Audition. 

Thus much of the Improvements of Hearing, 
that reſpect its Object which is Sound. 

2. The Organ and Medium are to be conſider- 
ed. And, 1. The Organ, which is the Ear, is 
helpt much by Jeng it near a Wall (eſpecial- 
ly at one end of an Arch, the Sound being be- 
gotten at the other) or near the Surface of 
Water, or of the Earth, along which the Sounds 
are moſt eaſily and naturally convey'd, as was 
before declar'd. And *tis incredible how far a 
Sound made upon the Earth (by the trampling | 

| of a Troop of Horſes, for Example) may be) 
heard in a ſtill Night, if a Man lays his Eear 
cloſe to the Ground in a large Plaig. 
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Otacouſticks here come in for helping the 
Ear; which* may be ſo contriv'd (by a right 
underſtanding the Progreſſion of Sounds, which is 
the principal thing to be known for the due re- 
gulating all ſuch kinds of Inſtruments) as that 
the Sound might enter the Ear without any 
RefraQion , but as now they are generally made 
I refer them to Refrafted Audition. 

2. As to the Medium, I know not how that, 


by any contrivance of Art, can advantage Di- 


rect Hearing, otherwiſe than I have declar'd al- 


ready in the propagation or conveiance of 
Sounds, tho' to the Refacting or r. of 


them it may very much conduce; of which 
preſently. | 

And ſoI have done with the firſt part of my 
preſent undertaking, which is the Compariſon 
of Direct Viſion and Audition, as to their Im- 
provements from Art. The reſt follow. Where- 


fore, : 


II. Concerning Refratted Viſion and its Com- 
pariſon, I obſerve, That Refracted Viſion is al- 
ways made Ex parte Medii, as Refletted is ex 
parte Objecti. And therefore tho* Direct Viſion 
may be help'd ex parte Objecti, Medii vel Organi; 
yet Refracted can be improv'd only ex parte Me- 
dit, and Refetted ex parte Corporis oppoſiti alone. 
Unleſs it be in a mixt or compognd Viſion, 
that is Refrafto-Reflext, when the redext Rays 
paſs to the Eye through a refractinge Medium, 
ſuch as the Medium Internum, contain'd in 
the Bodyof the Eye always is. So that in truth 
all Viſion is Refracted by an interna? Refraction 
made in p/o Oculo. | 
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And all that 1 have ſpoken of Yiſon holds 
true of Hearing alſo, both Nie gage and Reflext, 
and therefore need not be repeated. 

K Viſſon ariſes from the different Den- 

Figure and Magnitude of the Medium, 
Which i is ſomewhat alter'd alſo by the divers in- 
cidence of the viſible Rays. And fo itis in 
Refrafted Hearing, all theſe Cauſes, concur to 
its Production, and ſome others to he hereafter 
conſider'd. 


Now as any Object (a Man for example) cen 
through a thicken'd Air, by Refra#ion appears 


greater than really he is: So likewiſe a Sound, 
heard through the ſame. thickned part of the 
Armoſpbere, will be conſiderably vary'd from 


* 


what it would ſeem to be, if heard through a 


thinner Medium. 
And this 1.calf a Refraced Stund: But what 


this Refraction of Sound is, and how caus d. 


may hereafter be diſcuſs'd, when the Nature, 
8. Netop⸗ or Progreſſion of Sounds, are well 
ate 
For the Improvement of Refrafted Vifion ar- 
tifcial Inſtruments have been made, by grinding 
or blowing Glaſſes into a certain Figure, an 
placing them at dye 5 whereby the Ob- 
je& may he (as *twe Fe) enabled to ſend forth 
57 73 more A roſy, and the Viſi ive Fa- 
e er better to receive them. 
ads ah unnenks may be contriv'd 
the Sonor ous Body, to ſend 
9920 eus ag more 1 9 and the Acou- 


ſtick 157% to, MAP" and. diſcern 1 it more eaſily 


and clearly, 

” . AS. r ne Oe Bubblz, fil d with clear Wa- 

ter, and plac'd before a burning Candle or 

Lamy, does help it to dart forth its Rays to a 
K 2 prodigious 


8 
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prodigious length and brightneſs: So an In- 
{ N may be invented, that apply d to the 

outh (or any Sonorous Body) ſhall ſend forth 
the Voice diſtinctly to as prodigious a diſtance 
and loudneſs. | | 
For if the Stentoro-phonecon (which is but a 
| gre and unartificial Inſtrument). does ſuch 
"I 


y 
4 


great feats, what might be done with one com- 
pos'd according to the Rules of Art? whoſe 
make ſhould comply with the Laws of Sonorous 
Motion (which that does not) and therefore not 
ſo much Refract, as to alter and confound the 
TDTone 5 the Voice and Words (as that ſomewhat 
does. | 
Now of what uſe ſuch an Inſtrument might 
be for ſpeaking clearly and articulately at a 
_ diſtance (and that without altering the Tone of 
the Voice) whether it be at Sea or at Land (but 
eſpecially at Sea in tempeſtuous Weather and 
in the Night) is obvious to any Man to con- 
ceĩve. : 
2. As Inſtruments have been invented to hel 
the Eye, . So. likewiſe are there ſome, an 
ore. ſuch there may be for. the Ear. | 
ö ar, 1 Nr | 
1. As Spectacles and other Glaſſes are made to 
help the Purblind and weak Eyes, to ſee at any 
competent diſtance : So there are Otacouſtickę 
(and better may be made) to help weak Ears to 
hear at a. ,reaſonable diſtance alſo. ' Which 
would be as great a help to the infirmity of Old 
Age, as the other invention of Spectacles is, 
and perhaps greater; foraſmuch as the Hear- 
Aug what's ſpoken is of more daily uſe and con- 
[<exu to ſuch Men, then to be able to read Books 

doe Fü, 


9 11 { 8 
% * - © | 9 1 4 " 5 " : 
OJ 8A 21 FIJTOL 1 OJ Ti 0D 2. As 


* - 
el Lide 4 Fe 


- 8 


. ö 


Miſcellanea Curioſa. 133 


2. As Perſpective-Glaſſes and Teleſcopes help the 
Eye to ſee Objects at a very great diſtance,which 
otherwiſe would not be diſcernable; in like man- 
ner may a ſort of Otæcouſticks be ſo contriv'd as 
that they ſhall receive in Sounds made at a very | 
great diſtance alſo, but with ſo much advan- | 
tage, that the Ear ſhall be able to hear them, 
which otherwiſe would have been audible. 

And theſe Oracouſticks in ſome reſpects would 
be of greater uſe than Perſpectives. For where- 
as at Land Perſpectives are many times render'd 
almoſt uſeleſs, by the interpoſition of Woods 
and Mountains, which hinder the Sight from 
reaching very far: Our Oracouſticks would, 
notwithſtanding theſe Obſtacles, take in a Sound 
made ſome Leagues off. Which might be of 
notable . uſe in the time of War, for diſcover- + 
ing the Enemy at a good diſtance, when he 
marches or lyes 1ncamp'd behind a Mountain or 
Wood, or any ſuch place of ſhelter. 

Yea even at Sea alſo, where Perſpectives are 
of moſt uſe, by reaſon of the plaineſs of the 
Surface of the Water ; yet ſometimes there O- 
tacouſticłę may be of more benefit, when in 
dark hazy Weather the Air is too thick, or in 
Stormy Tempeſtuous Weather the Waves 
a 2 too high for the Perſpect ive to be made uſe 
n 
But whether at Sea or Land Perſpectives be- 
come altogether inſignificant in the Night- time 
(unleſs it be for viewing the Stars) which is the 
chief time for uſing Oracouſticks ; as it is gene- 
rally, for Souldiers to take their March, when 
they would ſurpriſe their Enemies. | 

And therefore this ſort of Oracenſticks have 
then their chief uſe, when PerſpeF:ves are of - 
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uſe at all; beſides that they may be imploy'd in 
the Day-time, as well as Perſpectives, whence 
they may (not unfitly) be term'd the moſt uſeful 
Inſtrument of the two. 

3. As Miſcoſcopes or Magnifying-Glaſſes help 
the Eye to ſee near 9bje#s, that by reaſon of 
their ſmallneſs were Irviſible before; which Ob- 
jets they Magnify to a ſtrange greatneſs : So 

Microphones or Micra couſticks, that is Magnify- 
ing Ear Inſtruments may be contriv'd after that 
manner, that they ſhall render the moſt mi- 
nute Sound in nature diſtinctly audible, by 
Magnifying it to an unconceivable loudneſs. 

By the help hereof we may here the different 
Cries and Tones, as well as by Microſcopes ſee the 
2 Shapes and Figures of the ſmalleſt Ani- 
mals. 

4. As by Polyſcopes or Multiplying-Glaſſes, one 
thing is Mak nbeS to the Eye as many, whe- 
ther in the ſame or different Shapes (for ſo 
Multiplying-glaſſes may be contriv'd :) So by a 
Polyphone or Polyacouſtick well order'd one Sound 
may be heard as many, either of the ſame or 

a different Note. Inſomuch, that who uſes this 

© Inſtrument, he ſhall, it the Sound of a ſingle 

— Viol, ſeem to hear a whole Conſort and all 

true Harmony. By which means this Inſtru- 

þ wg has much the advantage of the Poly- 
Cope. 

And thus much may ſuffice for 'compairing 
the Improvenments made upon KRefratted See- 
ing and Hearing; 1 call it Reſratted Hearing, 
becauſe made throngh a Medium, viz. thick 
Air or an Inſtrument, 4 which the Sound 
paſſing is broken or refracted. 


nul. Reſlected 


Mi ſcellanea Curioſa. 135 


III. Reflected Viſion has been improv'd by the 
Invention of Looling-glaſſes and Poliſh'd Met als, 
whether Plane, Concave, or Convex ; and theſe 
two laſt, either Spherical, Oval, Cylindrical, Co- 
nical, Hyperbolical, or of ſeveral other ſhapes; all 
which cauſe a different Reflection, and vary the 
Phenomena. 

Thus alſo Reflex d Audition, made by Ecchoes, 
may be improv'd, by contriving ſeveral ſorts of 
Artificial Ecchoes; as tis no hard matter to do 
in almoſt any place. 

For (ſpeaking ia the general) Sound, fal- 
ling directly or obliquely upon any denſe Body, of 4 
ſmooth ( whether Plane or cb ) Superficies, us 
2 back again and reflected, or does eccho more or 
1 | 
I fay (1.) falling directly or obliquely ; becauſe, 
if the Sound be ſent out and propagated parallel 
to the Surface of the Denſe Body, or be made ſo 
far off and ſo wezh, that it cannot reach it, there 
will be no reflection of Sound, no Eccho. 

I ſay (2.) upon 4 Body of a ſmooth Superficies; 
becauſe if the Surface of the Corpus Obſtans be 
uneven, the Afr by reverberation will be put 
out of its regular Motion, and the Sound there- 
by broken and extinguiſh'd: So that tho' in this 
caſe alſo the Air be beaten back again, yet 
_—_ is not reflected, nor is there any Ec- 
cho. 

I ſay (3) it does eccho more or leſs, to ſhew, 
that when all things are, as is before deſcrib'd, 
there is ſtill an Ecchoing, though 1t be not al- 
ways heard; either becauſe the direct Sound is 
too weak to be beaten quite back again to him 
that made it ; or that it does return home to 
him, but ſo weak, that without the help of a 
good Otacouſtick it cannot be diſcern'd ; or that 
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he ſtands in a wrong place to receive the refle- 
cted Sound, which paſſes over his head, under 
his Feet, or to one ſide of him; which there- 
fore may be heard by a Man ſtanding in that 
place, where the reflected Sound will come, 
provided no interpos'd Body does intercept it; 
but not by him, that firſt made it. 

I ſhall further make out the compariſon *twixt 
Reflex d Viſion and Audition, by theſe following 
Propoſitions. 

1. As a Plane Speculum reflects the Object in 
its due Dimenſions and Colours; allowing for 
their difference of appearance according to their 
diſtance : So a Plane Corpus Obſtans reflects the 
Sound back in its due Tore and Loudneſs ; if al- 
lowauce be likewiſe made for the proportiona- 
ble decreaſe of the Sound according to its di- 
ſtance. | 

2. As a Convex Speculum reflęcts the Object 
[lefs, but ſomewhat brighter OH clearer : So a 

Convex Corpus Obſtans repels the Sound (inſenſi- 
bly) ſmaller ;, but ſomewhat quicker (though wea- 
ker) than otherwiſe it would be. 

3. As a Concave Speculum reflects the Object 
bigger, more obſcure and Inverted : So a Concave 
Corpus Obſtans ecchoes back the Sound (inſenſi- 
| bly) bigger, flower (though ſtronger) and alſo 
inverted ;, but never according to the order of 

Words. Nor do I think it poſſible for the Art 
of Man to contrive a Single Feeho, that ſhall 
invert the Sound and repeat backwards; be- 
cauſe then the Words lait ſpoken, that is, which 
do, laſt occurr to the Corpus Obſtans, mult firlt 
be repelFd ; which cannot he : For where in 
the mean time ſhould the firſt Words hang, and 
be conceal'd, or lie dormant ? Or how, after 
ſuch a pauſe, be reviwd and animated again 
is | | into 
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into Motion? Yet in complicated or Compound | 
Ecchoes, where many receive from one another, 
I know not whether ſomething that way may 
not be done. | 

From the determinate Concavity or Arched- 
neſs of theſe reflecting Bodies, it comes to paſs, 
that ſome of them, from a certain diſtance or 
poſiture, will eccho back but one determinate 
Note, and from no other place will they re- 
verberate any ; becauſe of the undue Poſition of 
the ſonnding Body. Such an one (as I remem- ,, \\ 
ber) is the Vault in Merton College in Oxford. 

4. As a Speculum takes in and reflects more 
of its Object, when plac'd at a great diſtance 
from it, than when nearer ; becauſe it reflects 
according to the apparent Magnitude of the 
Body at uch a diſtance, which is leſs: So alſo 
the Ecchoing Body, being removed farther off, 
reflects more of the Sound, than when nearer. 
And this is the reaſon, why ſome Ecchoes repeat 
but one Syllable, ſome one Word, and ſome 
many. 

* Specula's may be ſo plac'd, that reflect- 
ing one upon or into the other, either directly 
or obliquely, one Object ſhall appear many; as 
in Sir Samuel Moreland's Glaſs- room: After the 
ſame manner Ecchoing Bodies may be ſo contri- 
ved and plac'd, as that reflecting the Sound 
from one to the other, either directly and mu- 
tually, or obliquely and by Succeſſion, out of 
one Sound ſhall many Ecchoes be begotten; 
which in the firſt caſe will be all together, and 
ſomewhat involv'd or ſwallow'd up of each o- 
ther, and thereby confus'd (as a Face in Look- 
ing-glaſſes obverted) in the other they will be 
diſtin, - ſeparate, and ſucceeding one another; 
as moſt multiple Ecthoes do. 7.305 
ee Moreover 
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— Moreover a Multiple Eccho may be made, by 
( ſo placing the Eechoing Bodies, at unequal di- 
ſtances, that they reflect all one way, and not 
one on the other; by which means a manifold 
ſucceſſive Sound will be heard (not without 
aſtoniſhment) one clap of the hands like many, 
one ha like a laughter, one ſingle word like 
many of the ſame tone and accent, and ſb one 
Viol like many of the ſame kind imitating each 
other. 
Furthermore, as Specula's may be ſo order'd, 
that by Reflection they ſhall make one ſingle 
thing appear many different things; as one ſin- 
le Man to ſeem many Men, differing as to 
| pe and Complexion (or a company of Men) 
which I think Sir Samuel Moreland's Contri- 


[ 
| vance does not: So may Ecchoing Bodies alſo be 
| order'd, that from any one Sound given, they 
? > "ſhall produce many Ecchoes, different both as 
i to their Tone and Intenſion. (The ground where- 
of has elſewhere been laid down in a Treatiſe | 
concerning the Sympathy of Lute-ſtrings.) 
By this means a MAuſical Room may be ſo con- 
triv'd, that not only one Inſtrument, play'd on 


in it ſhall ſeem many of the ſame ſort and ſize ; 8 
but even a Conſort of (ſomewhat) different ones; h 
S only by placing certain Ecchoins Bodies ſo, as 
= that any- Note (play'd) ſhall be return'd by $, 
| them in zus, 5ths, and 8ths, which is poſſible 
to be done otherwiſe than was mention'd before Vi 
in Refracted Audition. ſt 
I have now done with my Compariſon of the ve 
two Nobleſt Senſes and Sciences, as to their Im- 
ovements ; wherein I have been thus large, m; 
that I might give you a little proſpect into the bl 
Excellency and Uſefulneſs of Acouficks ; and that no 
thereby I might excite all that hear me, to bend pil 


their 
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their Thoughts towards the making of r = 
ments for the compleating this (yet very imper- 
fect, though noble) Science; a Specimen where- 
of I will give you in three Problems, and then 
preſent you with the Semiplane of an Aconſtick or 
Phonical Sphere, as an Attempt to explicate the 
great Principle in this Science, which is The Pro- 
greſſion of Sounds. | 


The Problems are theſe : 


1. Sanum intendere quouſque velis; or, Datum 
ſonum ad datum gradum intendere. 
2. Sonum extendere quouſqus velis; or, Datum 
ſonum ad datam diſtantiam extendere ſeu propa- 
are. 
3. Sonum tranfire ab extremo ad extremum & | 
non per Medium. | 


1. The firſt is, To make the leaſt Sound (by 
the help of Inſtruments ) as loud as the grea- 
teſt; a whiſper to become as loud as the ſhot of 
a Canon. 

By the help of this Problem, the moſt minute 
Sounds in Nature may be clearly and diſtinctly 
heard, | 5 

2. The ſecond is, To propagate any (the leaſt) 
Sound to the greateſt diſtance. _ | 

By the help hereof any Sound may be con- 
vey'd to any, and therefore heard at any di- 

ſtance, (I muſt add, within a certain, though 
very large Sphere.) x TIE 

Moreover, by this means, a Meat her- cock. 
may be ſo contriv'd, as that with an ordinary | 
blaſt of Wind it ſhall cry (or whiſtle) loud e- 
nough to be heard many Leagues: Which hap - 
pily may be found of ſome In not only for Pi- 
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lots in mighty tempeſtuous Weather, when light 
Houſes are render'd almoſt uſeleſs ; but alſo for 
the meaſuring the ſtrength of Winds, if allow- 
ance be made for their different moiſture. For 
T conceive, that the more dry any Wind is, the 
louder it will whiſtle ceters paribus; I fay, ce- 
teris paribus, becanſe, beſides the ſtrength and 
and dryneſs of Winds or Breath, there are a 
eat many other things (hereafter to be con- 
ider d) that concur to the increaſe or magni- 
fying of Sounds, begotten by them in an In- 
ument expoſed to their violence, or blown 
into. 
3. The third Problem is, That a Sound may be 
! convey'd from one extreme to the other (or from 
- one diſtant place to another) ſ as not to be heard 
in the middle, 


By the help of this Problem a Man may talk 
to his Friend at a very conſiderable diſtance, ſo 
that thoſe in the middle ſpace ſhall hear nothing 
of what paſſed betwixt them. 


4 „ III. 5 287 
S emiplanum Sphere Phonice ſeu Acouſticæ. 


You are to conceive that (rude) Semiplane, 
as parallel to the Horizon: For if it be per- 
pendicular thereunto, I ſuppoſe the upper ex- 
tremity will be no longer Circular, but Hyper- 
bolical, and the lower part of it ſuited. to a 
greater Circle of the Earth. - So that the 
whole Phonical Sphere (if I may fo call it) 
will be a ſolid Hyperbola, ſtanding upon a 
Concave Spherical Baſe. I ſpeak this concern- 
ing Sounds made (as uſually they are) nigh wy 

| arth, 
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Earth, and whoſe Sonorous Medium has a free 
213 every way. For if they are generated 

igh in the Air, or directed one way, the caſe 
will be different; which is partly deſign'd in 
the inequality of that draught. 


| 
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A Diſcourſe concerning the Modern 
Theory of Generation, by Dr. 
George Garden of Aberdeen, be- 
ing part of a Letter to Dr. Willi- 
am Muſgrave, L. L. P. Reg. 
Soc. S. and by him communicated to 


the Royal Society. 


5 | 

* H FE. Subject I pitch upon, is that of the 
..Earmatiog..of.Auimals.---You know. how 

wide and unſatisfying Mens Conjectures were 
upon this Head, until this Age, in which firſt 
the deſervedly Famous Dr. Harvey diſcovered 
the proper place of the Formation of the Chick 
in the Cicatricula of the Egg, and the Forma- 
tion of the Parts ſo far as was diſcernable by the 
naked Eye; and after him Malpighizs, by the 


{ 

help of exact Glaſſes, obſerved the firſt Rudi- t 
ments of it there, both before and after Incu- e 
| bation : And K. de Graef, and others, having 1 
upon many Obfervations concluded, that the C 
Teſtes Fæminei were the Ovaries of Females, and 0 
conſequently that all Animals were ex ovo; they 7 
began from hence to infer, that the Rudiments 0 
of each Animal were originally in the reſpective b 
Females, and that the Male contributed only p. 
to give a new Ferment to the Maſs of the Blood di 
and Spirits, by which means a ſpirituous Li- th 
quor (Which the Blood in its ordinary Ferment at 


could not produce) did inſinuate its ſelf 1 
the 
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the ſame Duc̃ts and Pores of the Rudiments of 
thoſe Animals, which were in greateſt forward- 
neſs in the Ovary, and ſo extend, and enlarge 
all their Parts, and at laſt bring them to per- 
fection, as Mr. Perrault does ingeniouſiy diſ- 
courſe in the third Part of his Eſſais de Phyſique ; 
till now at laſt Leowenhoek, has diſcovered an in- 
finite number of Animalcula in ſemine marium of | 
all kinds, which has made him condemn the 
former Opinions about the Propagation of all 
Animals ex Ovo. p 

Now upon comparing the Obſervations and 
Diſcoveries which have been made with one a- 
nother, theſe three things ſeem to me very pro- 
bable. 1. That Animals are ex Animalculo. 
2. That theſe Animalcles are originally in ſemine 
Marium & non in Femins. 3. That they can 
never come forward, nor be formed into Ani- 
mals of the reſpective kind, without the Ova in 
Feminis. = Ip 

The firſt of theſe ſeems probable from theſe 
three Obſervations. 1. That ſome ſuch thing 
has been ſo often, obſerved by Malpighius, in — 
the Cicatricula of an Egg before Incubation, as 
the Rudiments of an Animal in the ſhape of a 
Tadpole, as may be ſeen in his firſt, and in his 
repeated Obſervations de formatione Pulls in 
Ovo. 2. The ſudden appearance and diſplaying 
of all the Parts after Incubation, makes it pro- 
bable, that they are not then actually formed 
out of a fluid, but that the Stamina of them hare 
been formerly, there exiſtent, and are now ex- 
panded. The firſt Part of the Chick which is 
diſcovered with the naked Eye, is, you know, 
the Punctum ſaliens, and that not till three das 
and nights of Incubation be paſt ; and then, ag 
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the fifth day, the Rudiments of the Head and 
Body do appear. This made Dr. Harvey con- 
' clude, that the Blood had a being before any 
other Part of the Body; and that from it, all 
the Organs of the Ferus were both form'd and 
nouriſhed : But by! Malpighius's Obſervations 
we find that the Parts are then only fo far ex- 
tended, as to be made viſible to the naked Eye, 
and that they were actually exiſtent before, and 
diſcernable by Glaſſes. After an Incubation of 
thirty hours, are to be ſeen the Head, the Eyes, 
and the Carina, with the Vertebræ, diſtin, and 
the Heart. After forty hours its Pulſe is viſi- 
ble, and all the other Parts more diſtin, which 
cannot be diſcerned by the naked Eye before 
the beginning of the fifth day ; from whence it 
feems probable, that even the ſo early diſcove- 
Ty of thoſe Parts of the Fetus by the Micro- 
ſcope, is not the diſcerning of Parts newly for- 
med, but only more dilated and extended 'by 
receiving of Nutriment from the Colliquamentum; 
fo that they ſeem all to have been actually ex- 
iſtent before the Incubation of the Hen. And 
what Swemmerdam has diſcovered in the tranſ- 
formation of Inſects, gives no ſmall light to 
this; whilſt he makes appear in the Explana- 
tion of the 13th Table of the General Hiſtory 
of Inſects, that in thoſe large Eruca's which 
feed upon Cabbage, if they be taken about the 
„% time chey retire to be transform d into Aurelis's, 
and plung'd often in warm Water to make a 
Rupture of the outer Skin, you will diſcern 
; thro? the tranſparency of their ſecond Mem- 
brane, all the Parts of the Butterfly, the Trunk, 
* Wings Feelers, &c. folded up. But that at- 
tet the Eruca is chang'd into an Aurelia, none 
of theſe Parts can be diſcerned, * are 
FO reneht 
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drencht with moiſture, tho? they be there actu- 


ally form'd. Another Conſideration is from the 


Analogy, which we may ſuppoſe between Plants 
and Antmals. All Vegetables we ſee do proceed 


ex Plantula, the Seeds of Vegetables being no- 


thing elſe but little Plants of the ſame kind 
folded up in Coats and Membranes ; and from 


hence we may probably conjecture, that ſo cu- 
riouſly an organized Creature as an Animal, is 
not the ſudden Product ofa Fluid or Colliqua- 
mentum, but does much rather proceed from an 
Animalcle of the ſame kind, and has all its lit- 
te Members folded up according to their ſeve- 
ral Joints and Plicatures, which are afterwards 


efflarged and diſtended, as we ſee in Plants. 


Now'tho” this Conſideration alone may ſeem 
not to bear much weight; yet being join'd to 
the two former they do mutually ſtrengthen 


each other. And indeed all the Laws of Mo- 
tion which are as yet diſcovered, can give but 
a very lame account of the forming of a Plant 
or Animal. We ſee how wretchedly Des Cartes 
came off when he began to apply them to this 
Subject; they are form'd by Laws yet unknown 
to Mankind ; and it ſeems moſt probable, that 


the Stamina of all the Plants and Animals that 


have been, or ever ſhall be in the World, have 


been formed, ab Origine Mundi, by the Almighty - 
Creator within the firſt of each reſpective kind. 


871 


929 


And he who conſiders the Nature of Viſion, 


that it does not give us the true magnitude, 


but the proportion of things; and that what 


ſeems to our naked Eye but a Point, may truly 
he made up of as many Parts as ſeem to us to be 


— one 


in the whole viſible 
an abſurd or impoſſible thing. 


1 But 


orld; will not think this 
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But the ſecond thing which later Diſcoveries 
have made probable, is, that theſe Animalcules 
are originally in Semine Marium & non in fami- 
nis. And this I collect from theſe Confidera- 
tions: 1. That there are innumerable Animal- 
cula diſcovered in Semine Maſculo omnium Ani- 
malium. Mr. Leewenhoeck has made this ſo evi- 
dent by ſo many Obſervations, that I do not 
in the leaſt queſtion the truth of the thing. 
The reaſon of their multitude, and ſome of the 
difficulties which ariſe thereupon, he has clea- 


: red to very good purpoſe, ſo that I ſhall not re- 


peat them. 2. The obſerving the Rudiments 
of the Fetus in Eggs, which have been fecun- 
dated by the Male, and the ſeeing no ſuch thing 
in thoſe which are not fecundated, as appears 
from Malpighius his Obſervations, make it very 
probable that theſe Rudiments proceed origi- 
nally from the Male, and not from the Female. 
3. The reſemblance between the Rudiments of 
of the Fætus in Ovo, both before and after Incu- 
bation, and the Animalcule, makes it very pro- 
bable that they are one and the ſame. The 
ſame Shape and Figure which Mr. Leewenhoeck, 
gives us of the Animalcule, Malpighins likewiſe 
gives of the Rudiments of the Fætus, both be- 
fore and after Incubation; yea, and even the 
Fetus's of Animals do appear fo at firſt to the 
naked Eye, ſo that Dr. Harvey does acknow- 
| ledge that all Animals, even the moſt perfect, 
are begotten of a Worm, De Gen. Anim. Ex. 
18. 4. This gives a rational account of many 
Fetus's at one Birth, eſpecially that of the Coun- 
teſs of Holland, and how at leaſt a whole Clu- 
ſter of Eggs in a Hen are fecundated by one 
Coition of the Male. 5. This gives a new light, 
as it were, to the firſt Prophecy concerning the 
rich 4 | Meſſiah, 
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Aſeſſiab, that the Seed of the Woman ſhall '*' 
bruiſe the Head of the Serpent, all the reſt of 
Mankind being thus moſt properly and truly 
the Seed of the Man. 6. The Analogy I have 
already mentioned, which we may rationally 
ſuppoſe between the, manner of the 5 gation 

of Plants and Animals, does likewiſe make this 
probable. Every Herb and Tree bears its Seed 
after its kind; which Seed is nothing elſe but 

a little Plant of the ſame kind, which being 
thrown igto the Earth, as into its Uterus, + 
ſpreads forth its Roots and receives its nouriſh- 
ment, but has its form within its ſelf, and we 
may rationally conjecture ſome ſuch Analogy in 
the Propagation of Animals. 

The third Particular which later Diſcoveries 
make probable, is, that Animals cannot be 
form'd of theſe Animalcula without the Ove in 
faminis, hich are neceſlary for ſupplying ofthem 
with proper Nutriment : And this theſe Con- 
ſiderations ſeem to evince. 1. It is probable 
that an Animalcule cannot come forward, if it 
do not fall into a proper Nidus. This we ſee is 
the Cicatricula in Eggs; and tho? a Million of 
them ſhould fall into, an Egg, none of them 
would come forward, but what were in the 
Center of the Cicatricula; and perhaps the Ni- 
dus neceſſary for their formation is ſo propor- 

"tion to their bulk, that it can hardly contain 
more than one Animalcule; and this may be the 
reaſon, why there are ſo few Monſters. This 
we ſee is abſolutely neceſſary in Oviparis; and 
the only difference which ſeems to be between 
them and the Yzvipara, in this matter, is in 
this, that in the latter the Ova are properly no- 
thing more but the Cicatricula, with its Colli- 
quament um, To that w_ Fatus muſt ſpread forth 
| 2 | its 
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its Roots into the Uterus to receive its nouriſh- 
ment; But the Eggs in Oviparis may be proper- 
ly term'd an Uterus, in relation to the Fætus; 
for they contain not only the Cicatricula, with 
its Amnion and the Colliquamentum, which is the 
the immediate nouriſhment of the Fæxtus, but 
alſo the materials which are to be converted in- 
to that Colliquamentum; ſo that the Fætus ſpreads 
forth its Roots no farther than into the white 
and yolk of the Egg, from whence it derives all 
its nouriſnment. Now that an Animalcule can- 
not come forward without ſome ſuch proper 
Nidus, Mr. Leewenhoeck will not readily deny; 
for if there were nothing needful, but their be- 
ing thrown into the Uterus, I do not ſee why 
many hundreds of them ſhould not come for- 
ward at once; for as to what Mr. Leewenhoeck. 
ſays, that one of them would be-dwarf and 
choak the reſt; this might fall out in proceſs 
of time: But at firſt I do not ſee why many of 
them ſhould not grow together; whilſt ſcatter'd 
in ſo large a Field (and yet no ſuch thing is 
obſerved) if there were not a abſolute neceſ- 
ſity of a Cicatricula for their growth and thri- 
ving. Now, 2. That this Cicatricula is not 
originally in Otero, ſeems evident from the fre- 
quent Conceptions which have been found extra 
- Uterum : Such as the Child which continued 
Twenty ſix years in the Woman of Tholvuſe's 
'Bel] 4 entioned Numb. 13 . of the Phil. Tranſ. 
| Aud ine little Fetus found in the Abdomen de 
St. Mere, together with the Teſtiele torn and 
and full of clotted Blood, recorded Numb. 150. 
both taken out of the Journals des Scavans : 
Such alſo ſeem'to be the Fætus in the Abdomen 
of the Woman of Copenbagen, mentioned in the 
Nouvelles des Lettres, for Spi. V5. pag. 996. — 
MCT Pit Ham ui IN] ed o ann 
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the Members of which were eaſily to be felt 
thro* the Skin of the Belly, and which ſhe had 
carried in her Belly for four Years ; and the ſe- 
ven Years Gravidation, related by Dr. Cole, 
Numb. 172. of the Tranſat. That theſe two 
were undoubtedly extra Uterum, is uncertain, 
becauſe the laſt was not opened after her death, 


and the former may be yet ſtill alive. Now *' 


granting once the neceſſity of a proper Nidus, 
for the formation of an Animalcle into the Ani- 
mal of its reſpective kind; theſe Obſervations 
make it probable, that the Teſtes are the Ouaria 
appropriated for this uſe; for tho? the Ani- 
malcles coming thither in ſuch Caſes may ſeem 
to be extraordinary, and that uſually the Im- 
pregnation is i Otero; yet it may be collected 
from hence, that the Crcatricule-or Ove to be 
impregnated, are in Teſtibus famineis; for if it 
were not ſo, the accidental coming of Animal- 
cles thither could not make them come for- 
ward more than in any other part of the Body, 
ſince they cannot be formed and nouriſhed with- 
out a proper Nidus.. But 3. It ts acknowledg'd 
by all, that the Fætus in Utero, for ſome conſi- 
derable time after Conception, has no connexi- 
on with the Womb, that it ſits wholly looſe to 
it, and 1s perfectly a little round Egg with the 
Fetus in the midſt, which ſends forth its Um- 
bilical Veſſels by degrees, and at laſt lays hold 
on the Uterus. No from hence it ſeems evi- 
dent, that the Cicatricula, which is the Foun- 
tain of the Animalcles nouriſhment, does not 
ſprout ſrom the Uterus, but has its Origin elſe- 
where, and falls in thither as into a fit Soil, 
from whence it may draw Nutriment for the 
growth of the Fætus; elſe it cannot be eaſily 
imagin'd, how it ſhould not have an immediate 
1 Connexion 
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Connexion with the Uterus from the time of 
Conception. If you join all theſe three Conſi- 
derations together, vix. that an Animalcule can- 
not come forward without a proper Nidus or 
Cicatricula; that there have been frequent Fæ- 
tus extra Uterim ;, and that they have no Ad- 
heſion to the Uterus, för à conſiderable time af- 
ter Conception, they ſeem to make it evident, 
that Animals cannot be form'd ex Animalculis 
without the Ova in Feminis, To all theſe I ſhall 
ſubjoin the Propoſal of an Experimentum Crucs, 
which may ſeem to determine, whether the 
Teftes Fæmineæ be truly the Ovaria, viz. Open 
the Abdomen of the Females of ſome kinds, and 
cut our theſe Teſticles, and this will determine, 
whether they be abſolutely neceſſary for the for- 
mation of Animals. 

There are ſome Difliculties propoſed againſt 
this Conjecture, which I think may be eaſily re- 
folved. Some object the diſtance betweeg the 
Tube or Cornua Vteri, and the Teſtigh 0 
this is oppoſed by Sam merden, others, the 
like diſtance between the Infundibulum, in Hens 
and Frogs, and the Ovary; and yet it cannot 
be denied that the Eggs are tranſmitted thro? 
this into the Uterus and beſides R. de Graef, and 
others, have by repeated Obſervations found that 

the Cornua Urerido at certain times after Conce- 
ption, embrace theiTeſtes on both ſides theUrerus. 
They object in the ſecond place the great diſpro- 
portion between the pretended Eggs in the O- 
vary, and the Aperture of the Tube or Cornua U- 
teri, the former being a great deal bigger 
than the latter: But both R. de Graef and Mal- 
pighius have clear'd that Matter, by making 
appear, that theſe Bladders in the Ovary are 
not the Ova, but ſerve to form the * 
* Within 
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within which the Ov are formed, which break 
through a ſmall Papilla opening in the Glandule, 
which bears a proportion to the Aperture of 
the Tube. They object 3. The difficulty to 
conceive how theſe Eggs ſhould be impregnated 
per ſemen Maris, both becauſe there is no Con- 
nexion between the Tube and the Ovary for its 
tranſmiſſion, and for that Dr. Harvey could ne- 
ver diſcover any thing of it in Utero. As to 
the laſt, Mr. Leewenhoeck, has cleared that diffi 
culty, by the diſcovery of innumerable Animal- 
cula Seminis Maris in Cornnbus Uteri, and thoſe 


living a conſiderable time after Coition. Numb. 


174. of the Tranſact. And as to the former, we 
may either ſuppoſe that there is ſuch an Infla- 
tion of the Tube or Cornua uteri tempore Coitionis, 
as makes them embrace the Ovaria, and ſuch an 
approach of the Uterus and its Cornua, as that 
i may eaſily tranſmit the Seed into the Ovary ; | 
or elſe, that the Ova are impregnated by the 
malcles after they deſcend into the Urerus, 
and not in the Ovary ; the former ſeems pro- 
bable for this reaſon, that at leaſt a whole Clu- 
ſter of Eggs in a Hen will be fecundated by one 
Tread of the Cock: Now this Fecundation | 
ſeems to be in the Vitellary, and not in the 
Oterus, as the Eggs paſs along from day to day; 
for it can hardly be ſuppoſed that the Animal- 
cles ſhould ſubſiſt ſo long, being ſcattered looſe- 


ly in the Uterus, as to wait there for many days 


for the Fecundation of the Eggs as they paſs 
along. The latter conjecture has this to ſtreng- 
then it, that the Animalcles are found to live 
a conſiderable time in the Uterus; and that if 
they ſhould impregnate the Ova in the Ovary 
its ſelf, the Ferus would increaſe ſo faſt, that 
the Ova could not paſs thro' the J Uter:, 
L 4 but 
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but would either burſt the Ovary, or fall down 
into the Abdomen from the Orifices of the Tu- 
be ; and that from hence proceed thoſe extra- 
ordinary Conceptions in Abdomine extra Uterum. 

ut, 4. Mr. Leewenhoeck, Numb. 147. of the 
'Tranſatt. to weaken the third Conſideration a- 
bout the Conceptions, being like unto an Ouum 
in the Womb, propoſes a Parallel between theſe 
Animalcules and Inſects; and inſinuates, that 
as the latter caſt their Skins and appear of ano- 
ther Shape, ſo the other which at firſt ſeem 
like Tadpoles, may caſt their outer Skin and 
and then be round, and that this may be the 
occaſion of the round Figure of the Conception 
in the Womb. To this it may be replied, that 
according to Mr. Leewerhoeck's own Sentiment, 
the Animalcles cannot come forward, if they do 
not find the Punctum or proper place for their 
Nouriſhment, to which it ſeems they muſt have 
ſome Adheſion. Now the Conception in Vivi- 
paris is not faſtned unto the Womb for many 
days, nor does adhere to any point of it; fo 
that it ſeems this roundiſh Body is not the Ani- 
malcle thus chang'd after having caſt an outer 
Skin, but is rather the Cicatricula or little Egg, 
into which the Animalcle has entred as its Pun- 
ctum or place of Nouriſhment; elſe I do not 
ſee why 'they ſhould not be adhering to the 
Womb from the firſt Conception, or why (asl 
have ſaid) many hundreds of them are not con- 
ceived and formed together, &c. 
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A ſhort Diſcourſe concerning Conco- 
tion: Read at a Meeting of the 
Royal Society, May 1699, by 
Clopton Havers, M. D. Fellow 
of the Royal Society. 


6 & HE manner in which the Digeſtion of 
the Aliment is performed, is a thing not 
very eaſie to be underſtood and explain'd. 
However, it has not eſcap'd the Conjectures of 
ſome Philoſophical Men, who having curiouſly 
obſerv'd the Phenomena of Nature, and enqui- 
red into their Caufes, have, amongſt other 
things, endeavour'd to. account for this. But 
their Sentiments about it have been various, 
and the Hypotheſis, by which they have ſtudi- 
ed to explain it, very different. Some have 
thought the Concoction of the Food to be a 
kind of Elixation; and that the groſſer and 
more ſolid Parts being, as it were, boil'd in the 
Liquid by the Heat of the Stomach, and the 
Parts adjacent to it, as the Liver, Spleen, and 
Omentum, are by a long and continued Elixa- 
tion firſt render'd more tender, and then colli- 
quated, and diſſolved into minuter Particles, fo 
as to mix more equally with the fluid, and with 
that to make one Pulpament, or chylous Maſs. 
And Hippocrates, tho he does not plainly call it 
an Elixation, yet ſeems to attribute the Conco- 
ction of the Food to the Heat of the Stomach, 
as the Cauſe of it, Sect. 4. Libro de Salubri victus 

ratione. 
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ratione. So where he takes notice of the void- 
ing of ſuch Faces, as appear to be like the 
Food that has been eaten, he adds,Conſtat enim, 
ſane ventriculum, ciborum copiam, ut concoquat, 
calefacere non poſſe. And there are other Paſſa- 
ges in the ſame Book, from which we may con- 


— | clude, that he ſuppos'd the Heat of the Sto- 


mach to be the great Cauſe of the Digeſtion of 
the Food. / 
There are others that make the Stomach it 
ſelf to be the great Inſtrument of Digeſtion, 
but in a different manner : And they ſuppoſe it 
to be perform'd by an Attrition, as if the Sto- 
mach, by thoſe repeated motions, which are 
the neceſſary Effects of Reſpiration, when it. is 
diſtended by the Aliment, did both rub or grind 
off ſome minuter Particles from the groſſer 
Parts, and by continually agitating the Maſs 
of Food, make thoſe Parts, which are not con- 
tiguous to the Stomach, ſtrike one againſt ano; 
ther, and break one another in pieces, until 
they are all attenuated. It is evident enough, 
that the ſides of the Stomach do in Expiration 
preſs upon the Contenta, ſo as to oblige, at 
leaſt ſome Parts of them, every time the Muſ- 
cles of the Abdomen are contracted, to move 
and ſhift their places. So in Inſpiration, when 
the Diaphragm and Liver preſs upon the upper 
part of the Stomach, the Aliment muſt be mo- 
ved again. So that by theſe reciprocal motions, 
that part of the Food which is contiguous to 
the Stomach, and moves in a Line parallel to it, 
muſt rub againſt it; and all the other Parts be- 
ing moved by ſuch a Compreſſion, as gives them 
a different Tendency, it is certain they muſt be 
continually ſtriking one againſt another. And 
for Bread, and ſuch things as are made of Flow- 
| er 
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er, that will be ſoften'd and diſſolv'd with a 
common Liquid, that Agitation of the Stomac 
which moves them in Reſpiration, might ſeem 
ſufficient to break and diſſolve them, when they 
are ſufficiently moiſten'd with a Fluid. Yet this 
cannot be thonght enough to break and digeſt 
Fleſh-meat, Fruits, or any other thing that 
will not be ſoftned and diſſolv'd in Water, or 
ſome ſuch Liquid. But altho' this Motion of 


the Aliment, cauſed by Reſpiration, does not 


actually digeſt it, yet it has a great and neceſ- 


1 


ſary Uſe in Concoction, and makes all the groſ- 


ſer Parts, as they are attenuated, mix equally 
with the Fluid. 

Some think that the Bilious Juice; others, 
that the Spirits are chiefly concern'd in this 
Affair. Galen, in his Book de Naturalibus Facul- 


tatibus, makes it to be the Effect, not of one, but 


of ſeveral Canſes;as a pituitous Juice in the Sto- 
mach, the Bile, &c. which appears from what 
he has ſaid, and the Tranſlator thus render'd : 
Verum quanto ii (cibi) qui manſi ſunt, its, qui 
inhæſerunt, mag ſunt alterati; tanto etiam his 
magis ii, qui devorati ſunt. Siquidem incompa- 
rabilis erit horum alterationis exceſſus, ſi & que 
in ventre eſt Pituita & Bilis, & Spiritus, & Ca- 
lor, & tota Ventris ſubſtantia, eſtimentur, 

Some there are that will have the Food to 


8 
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be diſſolv'd by a Menſtrunm, which is ſupplyd 


from the Glands of thẽ Stomach, or ſome other 
way: But thoſe that do fo far agree in the Ge- 
neral, as to think Concoction is perform'd by a 
Diſſolvent, do differ in their Notions of the 
Nature of the Menſtruum : For there are ſome 
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triol, or any ſuch-like Acid, will diſſolve even 
ſo ſolid a Body as Iron. And it cannot be de- 
ny'd, but that Oil of Vitriol will diſſolve Fleſh- 
meat, and reduce it to a Pulp; but it is not to 
be ſuppos'd, that the Fibres of the Stomach 
can admit any.ſuch ſtrong and corroding Acid, 
without ſomething to correct it, but it muſt be 


injur'd in its Tone, and labour under great and 


extraordinary Pains. Neither does ſuch a 
Menſtruum, tho” it will digeſt ſome things, ſeem 
capable of diſſolving ſo great a Variety of 
Things as we eat, eſpecially when a great ma- 
ny of them are of a contrary Nature. Some 
will have the Menſtruum to be a nitro-aerins 
Spirit, that is, quick, and very penetrating, 
and included in its proper Vehicle; which, be- 
ing in its own. Nature apt to penetrate the 
Maſs of the Aliment, does diffuſe it ſelf through 
the Whole, and breaking the Vinculum of the 
more ſolid Parts, does diſſolve their Compages. 
By others, it is thought to be ſome ſaline Juice 
in the Stomach, by which the Parts of the Ali- 
ment are divided and diſſolved, and thoſe which 
arc fit for Nouriſhmeat, are volatiliz'd. 
Laſtly, There are ſome others who reje& the 
Opinions I have already mention'd, and ſup- 
ſe the Digeſtion of the Food to be perform'd 
y the Benefit of a Ferment; which, when it 
is mix'd with the Aliment, excites in the Maſs 
an inteſtine motion; and the different and con- 
trary motions or tendency of the Parts making 
ſome kind of Collifion, gradually break off Par- 
ticles from the groſſer, and more ſolid Parts, 
*till they are fo attenuated as to be-apt to mix 
more equally with the Fluid, and with them to 
make one ſoft or chylous Subſtance. But yet 
there is not amongſt them an univerſal 154 
ſent, 
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ſent, either about the Nature of this Ferment, 
or the manner how It is ſupply'd. For firſt, 
ſome think it to be the Remains of the Food 
that was laſt digeſted; which having lain ſome 
time in the Stomach, after the reſt is carried 
down into the Inteſtines, contracts an Acid, or 
Tome other Quality, and is ſo alter'd as to par- 
take of the Nature of a Leaven. And this Lea- 
ven being a part of the Food, which has been 
already digeſted, is ſo ſoft and liquid as to be 
capable of mixing with the Aliment, which is 
next taken into the Stomach ; and being agi- 
tated with it by the repeated Preſſures of the 
Diaphragm, Liver,and Abdominal Muſcles u 
on the Stomach iu Reſpiration, does diffuſe it 
ſelf through the whole Maſs ; and being mixed 
with it, like Leaven, or Yeſt added to new 
Wort, Cc. puts it into a State of Fermenta- 
tion; and by this Fermentation, or the Ex- 
panſion of the Ferment, and the more tenuious 
Parts, which are firſt put into motion by it, 
thoſe which are more ſolid, and with which 
they are intermix'd, are rent, and divided, and 
ſo attenuated, as to become a ſoft and pulpous 
matter. And altho the greateſt part of the 
Food, that is thus broken and concocted, is b 
the Contraction of the Fibres of the Stomac 


preſs'd into the Duodenum; yet they do not ! 


contract themſelves Id as to force out all the 
Aliment, bur leave between the Ruge or Folds, 
on the inſide of the Stomach, a ſufficient Quan- 
tity to be a Leaven to the next Meal; and fo 
from time to time. 

Some have a Notion, That this Ferment, or 
Principle of Fermentation, is in the Aliment it 
ſelf; which being a Congeries of Matter, con- 
kiting of various Parts of a different Nature, 
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is no ſooner encloſed in the Stomach, and di- 
geſted in the Heat of that, and the adjacent 
Parts, but the more ſpirituous and ſubtil Par- 
ticles are put into motion both from that 
Warmth, and the difference of their Natures, 
and enter upon a Fermentation. And ſo by 
their inteſtine Commotion, and the Violence 
they offer to thoſe Parts which oppoſe the ten- 
dency of any of them, they break and diſſolve 
what is more ſolid. _ | 
Again: Some ſuppoſe, that this Ferment is 
ſupply from the Glands of the Stomach. 
\nd Laſtly, Others, and perhaps with much 


better Reaſon,* contend for the Saliva, and 


make that to be the Ferment which ſerves 


\principally for the Digeſtion of the Food ; 


which in Maſtication being mix'd with our Ali- 
ment, is with that carried down into the Sto- 
mach, where the Parts of it being put into mo- 


tion by a kindly and agreeable Heat, they do 


ferment with, and exagitate firſt thoſe Parts of 
the Food which are moſt apt to ferment with 
it, and then both conſpire to break and diſſolve 
the groſſer and more ſtubborn Parts. And Ga- 
len, in the Book I have before- mentioned, plain- 
ly allows that the Saliva is concerned in the bu- 
ſineſs of Concoction, tho' he ſuppoſes the Al- 
teration, which is produc'd by this Juice, to. be 
made in the Mouth, as appears from theſe 
Words: Que (alteratio) in ore agitur mut at qui- 
dem id (nutrimentum) in alteram ſpeciem maniſe- 
ſte, non tamen ad perfectionem tranſmut at Qui 
manſi ſunt cibi primum quidem hac Pituita (oris) 
inbuuntur, & cum ea miſcentur - Itaque majo- 
rem mutationem conſecuti ſunt, quam ii, qui in va- 
cuts dent ium intervallis fuere impacti. 
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Now I have given this ſhort Account of the 
various Opinions of ſome Ingenious Men, con- 
cerning the manner how Concoction is per- 
form'd; 1 come now to propoſe my own Hy- 


potheſis, by which I ſhall endeavour to explain 


It. 


In order to the more eaſie and effectual Di- 
geſtion of the Food, Nature has appointed ſome 
Parts for the breaking our Aliment, and re- 
ducing whatever is groſs into ſmaller Parts, be- 
fore it is put upon Digeſtion: Others to ſup- 
ply the Ferment, by which it is to be diſſolvd 
and concocted, and which, before it comes to 
be included in the Stomach, does moiſten, and 
make it more ſoft, that it may more eaſily be 
penetrated and broken by thoſe Parts which 
ſerve to divide every Morſel into ſmaller Pie- 
ces, and prevents the Inconvenience and Trou- 
ble which would ariſe” from the Nouriſhment 
ſticking about or between them, when it is dry 
or viſcous. | 

For the breaking of that part of our Food, 
which is not liquid, Nature has furniſh'd us 
with Teeth, and thoſe of two ſorts: For ſome 
are ordain'd to divide and break off ſmaller 
Morſels from a larger Maſs ; others are made 
for the grinding thoſe Morſels into much ſmal- 
ler parts. The Teeth, which ſerve to break 
off Pieces of a convenient Magnitude from a 
larger Maſs, are of two ſorts accommodated to 
the Nature of the Subſtance which we eat. 
Theſe are the Inciſores, and the Dentes Canini. 
If the Subſtance, which we have to eat, be not 
hard, but more eaſily penetrated and divided, 
then the Incifores are capable of making an Im- 
preſſion upon it, and fix d firmly enough 5 the 
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E to break off that part which they take 
old of. But if it be more ſolid, and not eaſi- 
ly penetrated, nor any Piece without difficulty 
to be ſeparated from that Body, whereof it is a 
part; then we apply the Dentes Canini, or Eye- 
Teeth to it, which are not ſpread, nor have 
ſach an edge as the Jnci/ores, but are ſharp and 
pointed like an Awl, and ſo do more readil 
penetrate a Subſtance that is hard, and which 
the Inciſores can ſcarcely make any Impreſſion 
upon. And as the Parts of a more ſolid Body 
are commonly with more diſficulty ſeparated, 
and there muſt be a greater ſtreſs put upon 
thoſe Teeth which pull it into pieces; fo 
theſe Tecth are much more firmly fixed in the 
Jaws than the Inciſores, tho* they have but one 
ſingle Root. Beſides, the Poſition of all theſe 
Teeth is accommodated to their uſe, as being 
Jlanted oppoſite to the Aperture of the Mouth; 
1 that they may be conveniently apply'd to 
the Subſtance which we have to eat, before it 
is broken, and when it is too large to be admit- 
ted within the Mouth. 
The Teeth which do by a Compreſſion and 
Attrition reduce the little Morſels to ſmaller 
Parts, are from the manner in which they break 
the Aliment, called Dentes Molares, becauſe 
they do, like ſo many Mill-ſtones, grind the 
Food between them. And that they might be 
render'd fit for this purpoſe, they are made 
broad at that Extremity, which ſtands out of 
the Gums, by which means they. retain ſome 
Quantity of the Food hetween them every time 
the We HY is pulled up and forc'd agaiaſt the 
Maxilla ſuperior. And as they are broad, ſo 
they are formed with Incqualities and. Protube- 
Frances; and by the motion of the lower Jaws 
1 | om 
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from one ſide towards the other, they grind 
what they have between them into pieces. 
The Poſition of theſe Teeth too is as conve- 
nient as that of the Inciſores, and the Den- 
tes Canini: For being deſign'd to break thoſe 
pieces of our ſolid Food, which are taken in- 
to the Mouth, and theſe pieces, when they 
are compreſs'd, and moved by the Dentes Mo- 
lares, being apt to fly out of the Mouth, if 
there were no Contrivance to prevent it, they 
are placed beyond the Aperture of the Mouth, 
and oppolite to the Cheeks, which keep the 
Food within that Cavity, and not only ſo, 
but preſs it in betwegn the Dentes Molares on 
one ſide, as the Töffgue does on the other, 
_ they have ſufficiently broken and divi- 
ded it. | 

At the ſame time, whilſt the Dentes Mola- 
res are breaking the Food, there flows 
into the Mouth a falival Juice which mixes 
with it, and not only ſerves to moiſten it, 
and to render it more apt and eaſig, to be di- 
vided, but ſeems to be the Ferment, by the 
Benefit of which the Food is diſſolved and 
digeſted. And therefore it is intimately 
mixed with it, by the Teeth agitating or ſtir- 
ring them together in maſtication. | 

Fhis Liquor, which we commonly call the 
Saliva, or i has ſeems to be a Compoſi- 


tion made of two ſeveral Juices, very diffe- 

rent in their Nature: And therefore the ſe- 

veral Parts of it are ſeparated by their pro- 

per Glands, and Nature has planted no fewer 

than four pair about the Mouth, which ſup- 


ply the Juices that make the Saliva ; to wit, 
the Parotides, and the Glandule Nuckzane, the 
M Ghenduls 
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Glandule Mavxillares interna, and . Sublinguales; 
Whereas if the Saliva were but one more ſim- 
ple Liquor, a leſs number of Glands might 
have been ſufficient. At leaſt there appears 
no Reaſon why one of every Pair ſhould diſ- 
embogue it ſelf into the Month ſo very near 
to the Orifice, by which a Gland of ſome o- 
ther Pair throws in its juice; and they are 
not rather all planted at more equal diſtances 
from one another, ſo to flow in upon every 
part of the Aliment at the ſame time. 
Not that I ſuppoſe, as there are four Pair 
of ſalivatory Glands, ſo there are four ſorts of 
Juices ſupply'd from them, to make the Sali- 
va; but, as I hinted before, that there are 
only two different Juices that conſtitute it. 
And theſe are not only ſufficient, but more 
proper to excite and ſecure that Fermenta- 
tion, which is neceſlary to Concoction. For 
we find that moſt of thoſe Fermentations, 
which ariſe upon Mixtures made for Experi- 
ments, are produced from the mixture of two 
things; and it is not ſo eaſie to find out three 
or four ſuch Liquors of a different Nature, as 
will; upon the mixtion of them all, produce a 
Fermentation, and from the omiſſion of any 
one of them diſeover no Diſcord or Diſpoſt- 
tion to ferment: Beſides, it is certain that 
two doc better ſecure the End, which Nature 
deſigns. For, if there were three or four 
different Juices, of Which the SAliva naturally 
conſiſts, theſe muſt all have their propef Qua- 
lities preſerv d to them, or elſe the 'Bermen- 
tation, which ſhould ariſe between them, will 
net; neceſſarily; follow upon their mixture; 
and it is certaiu, that there would be more 
b * Danger, 
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Danger, that one of three or four ſhould be 


depriv'd of its natural Quality, than one of 
two. 


What Nature theſe two Juices are of, I do 


not pretend poſitively to determine; but ſo 
far as I have been able to make my Conjectures 


about it from Experiments, I do think one. 
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of them to be an acid juice; the other an 
oleaginous Liquor, ſomething like Oil of Tur- 


pentine. For amongſt the many Experi- 
ments I have made, there was no one that 
gave me ſo much Satisfaction, as that which 
I made with Oil of Turpentine and Oil of 
Vitriol, tho” I try'd ſeveral other things, that 
will produce a Fermentation upon their Mix- 
ture. And it was for this Reaſon, that I made 
the Experiment with Oil of Turpentine and 
the other Oll. 

I took a piece of raw Fleſh, and having cut 
it into pices, but much larger than what our 
more ſolid Food is reduc'd to by due Maſtica- 
tion, I mix'd ſome Crums of Bread with it, 
then I poured in the Oil of Turpentine to 
them, and upon that the Oil of Vitriol ; and 
having ſhak'd them together, I digeſted them 

about four hours in Balneo Marie, and then 
ſhaking them again in the Glaſs, I found the 
Meat diſſolv'd, and they all became a thickiſh 
Pulp. I could not but take notice, that Oil of 
Camphire (tho' it does not otherwiſe ſeem 
much different in its Nature from Oil of Tur- 
pentine) and Oil of Vitriol, which upon mix- 
ture will produce an efferveſcence as well as 
the Oil of Turpentine and Oil of Vitriol, yet 
did not touch the Meat, upon which I poured 
them, ſo as in the leaſt to diſſolve them. I 
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cannot deny but that an Acid, and a Solu- 
tion of Salt of Tartar, did diſſolve ſome part 
of the Fleſh-meat, which I mix'd them with, 
but yet neither ſo ſoon nor ſo perfectly as the 
two forementioned Oils. And I do the ra- 
ther think one of thoſe Juices, which conſti- 
tute the Saliva, to be of the Nature of Oil of 
'Turpentine, than of a fix'd Salt, becauſe it 
will correct and temper even Oil of Vitriol, 
ſo as to render it more tolerable to the Fibres 
of the Stomach. Not that I ſuppoſe the acid 
part of the Saliva to come near to the Acidity 
of Oil of Vitriol. For tho', when they are 
mix'd, they will make a Liquor that may not 
be injurious to the Stomach; yet the acid 
Juice, if it were ſo corroſive as Oil of Vitriol, 
would certainly be injurious and painful to 
the ſalivatory Ducts, which convey it to the 
Mouth before it is mix'd with the oleaginous 
Liquor. But I only ſay it is an Acid, and in 
ſome degree approaches to the Nature of that 
Oil. And Nature, which can much better 
adapt ſeveral Cauſes for the Production of 
ſuch an Effect than Art, may attain her End 
by a more temperate Acid; tho”, at the ſame 
time, we may be able to make ſome probable 
and true Conjectures about the Nature of thoſe 
Cauſes from Experiments. 
It being moſt reaſonable to ſuppoſe, that 
there are but two ſorts of Juices, of a different 
Quality, that make the Saliva, .I do conceive, 
that four of the eight ſalivatory Glands, or 
two. pair of the four, do ſupply one of theſe 
Juices, and the other four Glands the other. 
And this ſeems to be a very good Reaſon, why 
they are ſo planted, and the Orifice of Their 
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Ducts ſo order'd, that the Juice, which is ſup” 
ply'd by one Gland, is diſcharg'd into the 
Month, very near to the Orifice, by which 
the Juice of a different Nature is tranſmitted 
from another, ſo that they muſt neceſſarily 
meet and mix together. Thus the Glandale 
Nuckiane, and Parotides, throw in two diffe- 
rent Juices by Orifices, which open into the 
Mouth very near to one another ; and the 
Glandule Maxillares interne, and Sublinguales, 
do below ſupply the ſame kind of Juices by 
Orifices, that open ſo near to one another as 
to ſecure the mixture of the two different 
Juices. 

Theſe Glands, I ſay, do between them af- 
ford two divers ſorts of Liquors, of ſuch a 
Nature as are apt to ferment upon thetr firſt 
Mixture, but perhaps more conſiderably when 
they come to be digeſted by the Heat of the 
Stomach. So that the Colluctation, or Fer- 
mentation, which attenuates and concocts the 
Food in the Stomach, does not ordinarily a- 
riſe between the Aliment and the Sativa, but 
between the ſeveral Parts of the Saliva it ſelf. 
And indeed, if the Saliva did not conſiſt of 
two Juices, whoſe Nature is in ſich a manner 
different, as to render them apt to ferment 
upon their mixture, it would be very hard to 
conceive how it ſhould fo readily and indiffe- 
rently ſerve for the Digeſtion of all Eatables; 
how it ſhould ferment with, and diſſolve fo 
great a Variety of things, not only of a diffe- 
rent, but of a contrary Nature; how it ſhould 


3 


ferment with Acids as well as Alkalies, digeſt 


things thatare cold as well as hot or tempe- 
rate; ſome things that are falt, others that 
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are inſipid, bitter and ſweet, mucilaginous, 
olly, &c. But if we ſuppoſe, that the Fer- 
mentation, which ſerves for the Digeſtion of 
the Food, ariſes from a peculiar difference in 
the Nature of two Juices, which conſtitute 
the Saliva, it will be eaſie to give a rational 
Account of our Concoction of innumerable 
things of a different Nature. And this ſeems 
to be as effectual, and a more certain way to 
attenuate and diſſolve the groſſer Parts of our 
Food, than if the Fermentation were made 
only between the Saliva and the Aliment: Be- 
ſides, the Saliva ſeems to diſcover a Fermen- 


tation upon the mixture of its conſtituent 


' Juices, even at thoſe times when we do not 
actually eat; for it is always attended with 
Bubbles, and a Froth, when it has not been 
at all agitated in the Mouth, and many of 
; thoſe Bubbles will remain for ſome conſidera- 
ble time after we have ſpit it out. 

Nature therefore having appointed the Sa- 
liva for the digeſtion of the Food, has taken 
care that it ſhall be thrown in upon the Ali- 
ment on every ſide. Thus the Glandule Nuc- 
kiane, and the Parotides, ſupply their Juices 
to that part of the Food, which lies on the 
outſide of the Gums, between the Cheeks and 
the Teeth, and the Glandule Maxillares inter- 
ne, and Sublinguales, do beſtow their Liquor 
upon the Meat, which is within the Teeth 
and Gums. Neither has ſhe had a Regard 
only to that Supply, which is due to all the 
parts of our Food, but likewiſe to the mix- 
ture of the two different Juices of the Saliva, 
which is neceſſary to its Fermentation. And 
therefore, as I have already obſerv'd, 7 O- 
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rifices of the Ducts, which belong to one fort 
of Glands, are placed near the Aperture of a 
Duct, which conveys a Juice from one of the 
other Glands. So the Ducts of the Glandulæ 

Nuckiane, and the Duftus Stenoniani, do on 
each ſide open into the Mouth, near one ano- 
ther; and the ſalivatory Ducts of the Glandu- 
le Sublinguales, and the Maxillares interne, tho? 
they have diſtin& Orifices, empty themſelves 
under the ſame Papillæ; and the Juices, which 
are ſupply'd by them, meet there, and flow 
into the Month together. 

The ſeveral Parts of the Saliva being dif- 
charg'd into the Mouth, in ſuch a manner as 
to meet and begin a Fermentation, the Salva 
does, partly as it is agitated with the Food 
by the Teeth, and ſome other parts of the 
Mouth; partly by its own Fluidity inſinuate 
it ſelf into, and mixes with the Food, and 
not only moiſtens and foftens it, but excites 
the Fermentation, which is to diſſolve it. 
And when the Aliment is thus mix'd with the 
Saliva, which ſerves to ferment the whole 
Maſs, it is then to be convey'd into the Sto- 
mach, that great digeſtive Veſſel of the Body, 
where the Fermentation is not only continu- 
ed but improved. | 

The Nouriſhment being convey'd into the 
Cavity of the Stomach, is there kept for ſome 
time in a digeſtive Heat, all which time it is 
under a Fermentation produc'd by the diffe- 
rent Parts or Juices of the Saliva, which are 
mixed with it ; which Fermentation does firſt 
agitate the more tenuious or ſubtil parts of 
the Food, and puts them into motion, and ſo 
with the Fermentation of its own, and thoſe 
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Alimentary Parts, which it firſt communi” 
cates a motion to, improv'd by the Heat of 
the Stomach, the Saliva muſt neceſſarily act 
upon the groſſer Parts. For the inteſtine mo- 
tion, which is excited in the Maſs, does not 
give the Particles, which are fermented, the 
ſame Tendency, but what is ſo various and 
confus'd, that they muſt inevitably ſtrike not 
only one againſt another, but againſt thoſe 
which are more groſs, ſo as to attenuate them, 
ſometimes by a Colliſion, which ſtrikes off 
ſmaller Particles from the larger Parts ; ſome- 
times by a Compreſſion, when the Particles 
which are in motion, happen to ſtrike direct- 
ly againſt any groſſer Part, on every ſide of 
it ; ſometimes by a kind of Exploſion. For 
without doubt the Saliva, which is fluid, in- 
ſinuates it ſelf into the Interſtices of the more 
craſs Parts of the Aliment, and whatever is a- 
gitated and expanded in thoſe Interſtices, re- 
quiring a larger ſpace for the Freedom of its 
motion, and offering a Violence to every 
thing that oppoſes its Tendency, will, like 
Gunpowder included in a Shell, force its way 
out, and tear to pieces that Matter, which 
does endeavour to confine it. 

Thus the groſſer Parts are broken and 
divided, until they are at laſt ſo far attenu- 
ated as to mix more equally with the Fluid, 
and with them to make one Pulp or Chylous 
Maſs. And although I do not apprehend 
how the Stomach ſhould by its reciprocal 
motions in Inſpiration and. Expiration, be 
able to break and attenuate any Matter , 
that will not be ſoften'd and diſſolv'd by 
Agitation in a Liquid; yet it is certain — 
11 3 2775 . ä theſe 
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theſe motions, cauſed by the Diaphragm 
and Abdominal Muſcles in Reſpiration, do 
make thoſe Parts, which are broken off, as 
they are diſſolv'd, mix intimately with the 
more liquid; as the Meat which I digeſted 
with Oil of Turpentine, and Oil of Vitriol, 
did by agitation mix more equally with 
the Oils, and hecame a Pulpament. 

As the Juices, which conſtitute the Saliva, 
do ferment upon their mixture, ſo it is pro- 
bable, that from their Mixture and Fer- 
mentation there reſults ſuch a Tertium quid, 
as is apt to ferment with the Bile. And 
therefore, when the Aliment has been under 
the Fermentation, excited by the Saliva, a 
ſufficient time, it is then thrown into the 
Duodenum, where it meets with the bilious 
Juice, which flows into that Inteſtine from 
the Liver, from which a new Fermentation 
ſeems to begin ; and the Commotion of the 
Parts of the Aliment being ſtill continued, 
does carry on the Buſineſs of Digeſtion until 
the Food is perfectly concocted: Tho? it is 
probable, that this new Fermentation ſerves 
not only for the more perfe& Digeſtion of 
the Food , but- likewiſe for the Separation 
of the Chyle. from the feculent Parts. q 

Neither do I by a random Gueſs, and an 
ungrounded Conjecture , ſuppoſe that from 


the Mixture and Fermentation of the two 


Juices, which conſtitute the Saliva, there 
reſults a Matter, which is apt to ferment 
with the Bile. But to me the Notion ſeem'd 
to be confirm'd by an Experiment that I made. 
For conſidering with my ſelf, that the Bile 
is generally allow'd to have much of a ſapo- 

nary 
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nary Nature, I made a Sotution of Soap in 
fair Water, and mix'd it with the Oils of 
Turpentine and Vitriol firſt put together, 
and from their Mixture I obſerv'd a very ea- 
ſie and gentle Fermentation, which conti- 
nued for a conſiderable time. 


Miſcellanea Curioſa. 173 


A Diſcourſe concerning ſome Tnflu- 
ence of Reſpiration on the Mo- 
tion of the Heart, bit herto unob- 
ſerved. By J. Drake, M. D. 
F. R. S. 


H O' divers accurate Treatiſes of the 
Heart, and its Action, have been writ- 
ten by Learned Men of ſeveral Nations, eſpe- 
cially by two of our own Country; the Great 
Dr. Harvey, to whoſe happy Sagacity this 
Nation owes the Glory of the Invention of 
the Circulation of the Blood; and the incom- 
arable Dr. Lower, to whom we are behold- 
ing for a compleat diſplay of the Mechanical 
Structure of the Heart, and a moſt ingenious 
Rationale of its Action. Yet there remain 
ſeveral doubts and difficulties about it (in my 
Opinion) not ſufficiently accounted 'for, to- 
wards the reſolving ſome of which, I ſhall 
offer what my own Thoughts have ſuggeſted 
to me, and leave it to the Conſideration of 
the Reader. f | 
The Learned Dr. Lower (whoſe accurate 
Piece on this Argument will inſure his Repu- 
tation ſo long as Phyſical Knowledge ſhall laſt 
in eſteem) has ſo well accounted for the 705 
ſtole, or Contraction of the Heart from the 
Mechanical Structure of it, that he ſeems al- 
moſt to have exhauſted the Subject; and 19 
e 
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he been as happy in diſcovering the true canſe 
of the Diaſtole, he had left little room for 
the Induſtry and Sagacity of others about this 
Viſcus. * | 

But having judiciouſly and ſolidly explain'd 
the Syſtole, he contents himſelf to aſcribe the 
Diaſtole to a motion of Reſtitution, which Ac- 
count gives me no ſatisfaction: Becauſe the 
Syſftole being the proper, and (as himſelf con- 
feſſes) the only motion of the Heart, a ſtate 
of Contraction ſeems to be the natural ſtate, 
and conſequently without external violence, 
it ſhou'd have no Diaſtole at all. 

This will appear more plain, if we conſider 
the Circumſtances of it, and its motion, as a 
Muſcle, with reſpect to other Muſcles. That 
ContraQtion is the proper Action, and State 
of all Muſcles, is evident from Experience of 
Fact, as well as Reaſon. For, if any Muſcle 
be freed from the power of its Antagoniſt, it 
is immediately contracted, and is not by any 
Action of the Will, or Spirits, to be reduced 
to a ſtate of Dilatation. Thus, if the Muſculi 
Fleores of any Joint be divided, the Extenſores 
of that Joint being by that means free'd from 
the contrary Action of their Antagoniſts, that 
Joint is immediately extended without any 
conſent of the Will, and in that ſtate it re- 
mains; and ſo Vice verſa, if the Extenſores be 
divided. From whence it is plain, that the 
Muſcles have no reſtitutive motion, but what 
they derive from the Action of their Antago- 
niſts by which they are balanc'd. Thus like- 
wiſe the Spincters of the Gula, Anus and 
Veſica, having no proper Ant agoniſte, are al- 
ways ina ſtate of Contraction, and ſuffer no- 

thing 
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thing to paſs *em, but what is forced thro? 
em by the contrary Action of ſome ſtronger 
Muſcles, which, tho? not properly to be cal- 
led Antagoniſts, yet on all neceſſary Occaſions 
perform the Office of ſuch. - 

That the Heart is a Muſcle, furniſh'd and 
inſtructed for motion like other Muſcles, is 
(in my Opinion at leaſt) demonſtrated be- 
yond contradiction by Dr. Lower and others. 
And, as it is a Solitary Muſcle without any 
proper Antagoniſt, and not directly under the 
power of the Will, nor exerciſing Volunt 
motion, it approaches neareſt to the Sphinfer 
kind, which only has theſe Conditions in 
common, with it. But in conſtant and regu- 
lar Alternations of Contraction and Dilation, | 
it differs exceedingly from all the Muſcles of | 
the Body. . 

This reciprocal eAſtus of the Heart has gi- 
ven the Learned abundance of trouble; wh 
finding nothing peculiar in the Structure, 
which ſhou'd neceſlarily occaſion it, nor any 
Antagoniſt, whoſe re- action ſhould produce it, 
have been extreamly perplext to find out the 
cauſe of it. . 

But paſſing over the various Opinions of 
Authors, to avoid being tedious, I ſhall take 
notice here c ly of the very Learned Dr. Low- 
ers, in wh e Account of the Syſtole, however 
ſolid and ingenious, I obſerve ſomething defi- 

\ cient, and whoſe Hypotheſis of the Diaſtole I 
think to be precarious and falſe. 

This excellent Avthor, having by ſound 
Arguments drawn from the Structure and 
Mechaniſm of the Heart, eſtabliſht the Cer- 
tainty of its Muſcular Motion, reſts ns 
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out taking notice of any Aſſiſtance, that the 
Heart receives from any other Part, except 
from the Brain, by the means of the eighth 
pair of Nerves. | 

The Accurate Borellus, in his Oeco- 
Part. 24. nomiæa Animalis, computes the Mo- 
2p 7. tive Power of the Machine of the 

p. 73» 

Heart to be equal tq,or to ſurmount 
that of a Weight of 3000 J. The Obſtacles to 
the motion of the Blood thro' the Arteries he 
eſteems equivalent to 180,000 J. which is 60 
times as much as he rates the Force of the 
Heart at. Then deducting 45, ooo J. for the 
adventitious Help of the Muſcular Elaſtick Coat 
of the Arxrteries, he leaves the Heart with a 
| Force of 3,000 l. to overcome a re- 
Prop. 76. fiſtance of 135000 1. that is, with 

„ 340 Iemare at. 

This ſtupendous Effect he contents himſelf 
to aſcribe to the Energy of Percuſſion. But, 
had he proceeded in his Calculation to the 

Veins, which he allows to contain conſtantly 
à quantity of Blood, quadruple to the Con- 
tents of the Arteries, and to which this Euer- 
C of Percuſſion does either not reach at all, or 
hut very. languidly, he might probably have 
ſeen a neceſſity for ſome other Expedient to 
remove ſo inſuperable a difficulty. 

But not to inſiſt rigorouſly on the exactneſs 
of this Calculation (tho* the great Abilities 
of the Author in this way, and his Ingenuity 
and Modeſty, are a ſufficient Warrant for 
the accuracy of his Computations, and the 
fidelity of his Accounts) we may allow a much 
greater Deduction, than would be juſtifiable, 
without leſſening the difficulty. But this ac- 


- 
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count I have taken notice of . the 


ſake of the Calculation, which may 


e of uſe 


in the Sequel, the account it ſelf being in o- 


ther reſpects more defective than Dr. Lomer's, 
to which we will return. 1 

The Doctor, notwithſtanding his great Sa- 
gacity, appears (to me) to have overlook'd 
ſomething of very great moment, and impor- 
tance in the explication of the Action of the 
Heart. For, tho' it ſhould be granted, that 
the Muſcular Fibres of the Heart acted by the 
Nerves, are the immediate Inſtruments of its 
Conſtriction or Syſtole; yet it muſt not be de- 
nied, that the Intercoſtal Muſcles and Dia- 


phragm are of great ſervice to aid and facili- 
tate this Contraction, by opening a Paſſage 
for the Blood thro? the Lungs, which denied 


wou'd be an invincible Obſtacle. 
Neither do they promote it that way only. 


— 


The manner how they farther aſſiſt the Heart 
in its Contraction, will appear manifeſtly, if 
we conſider the different Poſture, Situation, 
and Capacity of the Blood-Veſſels of the Lungs 
in the ſeveral times of Elevation and Depreſſion 


of the Coſte. 

The Pulmonary Artery riſes from the right 
Ventricle of the Heart, and runs in one Trunk, 
till it comes to the Aſpera Arteria, where it is 
divided, and ſends a Branch along with each 


Diviſion of the Aſpera Arteria, according to 


all the minuteſt Subdiviſions, of which it is 
hkewiſe ſubdivided , accompanying all the 


Bronchi, in their whole progreſs through the 
Lungs. | Te 


Ihe Pulmonary Vein, which empties it ſelf 
into the Leſt Ventricle of the Heart, ſpreads 


it 
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it ſelf on the Aſpera Arteria and Bronchi, in 
the ſame manner that the Artery does. 

The neceſſary coaſequence-of this Diſpoſi- 
tion is, that this Artery and Vein being co- 
extended with, and faſten'd to the Broxchs, 
muſt needs ſuifer ſuch alteration of Superficial 
Dimenſions, as the Bronch; do in the Elevation 
or Depreſſion of the Coſte. | 

While the Ribs are in a ſtate of Depreſſion 
(whether before Commerce with the external 


Air or after) the Annular Cartilages of the 


Bronchi ſhrink one into another, and by that 
means their Dimenſions are exceedingly con- 
trated. In conformity to this condition of 
the Bronchi, the Pulmonary Artery and Vein 
muſt likewiſe, either by means of their Muſ- 
cular. Coats contract themſelves to the ſame 
Dimenſions, - or lye in Folds or Corrugations, 
which is leſs probable. | | 
On the other hand, when the Ribs are ele- 
vated, and the Diaphragm bears downward, 
the Air ruſhing into the Luags, ſhoots out 
the Cartilaginous Rings, and divaricates the 
Branches of the Trachea, and by them extends 
and divaricates the ſeveral Diviſions of the 
Pulmonary . Artery: and Veins, and thereby 
lengthens and enlarges their Cavities. 
This enlargement of their Cavities is very 
conſiderable, not only upon the ſcore of the 
addition, which they receive in length there- 
by, but alſo upon the account of their Divari- 
cation. For whereas, when the Ribs are de- 
reſt, and the Lungs ſubſide, the Blood-Veſ- 
els are not only contrace d, (as I have alrea- 
dy obſerv'd) but their Branches, which are 


exceeding numerous, approach one erbat 
| | an 


ee 
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and lie in juxta-poſition, by which their Ca- 
vities are very much compreſs'd and ſtreight- 
ned ; When the Ribs are elevated, and the 


| Lungs: turgid with Air, not only the Fibres, 
by which their Coats in the oppolite ſtate were 


contracted, are extended; but thoſe innume- 


rable Veſſels, which lying before in lines al- 


moſt parallel upon one another, compreſs'd 
one another, making an acute Angle at their 
JunQures, are divaricated and ſeparated from 
each other, and make an obtuſe, whereby thei 

Chanels are widen'd. | 5 
Thus a paſſage is open'd to the Blood, from 
the Right Ventricle of the Heart to the Left, 
throꝰ the Lungs, to which it cou'd not other- 
wiſe. paſs; and the oppoſition, which the 
Blood contain'd in that Ventricle, mult other- 
wiſe neceſſarily have made to its Conſtriction, 
is < pp off, and the Syſtole thereby facili- 
tated. 

Nor is that all. For the Diaſtole being 
caus'd (as I ſhall in the Sequel ſhew) by the 
force of the Blood ruſhing into the Ventricles, 
this Ampliation aad Extenſion of the Pulmo- 


nary Artery is a ſort of Check, or Counterpoiſe 


to it, and prevents an endeavour towards two 
<ontrary Actions at once, which muſt neceſ- 
farily fruſtrate both. For the Heart being a 
Springy,Compreſſible Body,whoſe proper Action, 


which is Contraction, depends on the influx 


of certain Fluids-iato. its Fibres, or Subſtance; 
and containing | beſides a Fluid in its Ventri- 
cles, or great Cavities, in one of which is the 
Mouth of this Artery, the action of this Veſ- 
ſel muſt in great meaſure reſemble that of a 
Sy inge, whoſe extremity is immers'd in Wa- 
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ter, the Enlargement or Expanſion of the 
Chanels of the Artery anſwering the drawing 
of the Embolum, as the conſtrictive motion 
of the Muſcle of the Heart does the preſſure 
of the Atmoſphere upon the Surface of the Wa- 
ter, the one making way for the fluid, and 
the other forcing it to follow, where the re- 
ſiſtance is leaſt. In this ſenſe we may allow 
-a fort of Attraction to the Pulmonary-Artery, 
depending wholly upon the A#tion. of the In- 
tercoſtal Muſcles and Diaphragm," which we 
muſt therefore confeſs to be very ſerviceable 
and inſtrumental in promoting the Syfole of 

the Heart. 97 WIA 9171 
But if the Learned Author be deficient in 
his account of the Syſtole; that is, if he has 
not obſerv'd all the Mechaniſm and Contri- 
vance of Nature for the Contraction of the 
Heart; much leſs ſafficiently- has he accoun- 
ted for the Diaſtole, or Dilatation of it, which 
he aſcribes to a motion of Reſtitution of the 
over- ſtrain'd Fibres, which yet he confeſſes are 
made for Cunſtriction only. Tis true, he im- 
mediately after joins the Influx of the Blood as 
a concurrent cauſe; but from the flight no- 
rice that he takes of it, ꝛtis plain that he did 
not ſo much as dream of any great ſhare it had 

in that action. His words ate theſe 
Qu &. ut obiter hoc mone am) cum 
De Curde, 1 ommnis mats ooutratteone: perficiatur, & 
Page 75. Cordis Firs! ad conſtrittianem ſolum 
Fa ſint, apparet quoſne 'Cordis mo- 
tum totum in Syſtole ipaſition eſſe; cumy; Fibre 
ultra tonum ſuum in oni conſtrictione ejus ten- 
dan ur, illcirco wb; nivus iſte abſolvit u, motu 
quaſi reſtitutionis Cor iterum rela vat ur, &. ſan- 
. , , Cine 
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| uine a Venis influente rurſus diſtenditur; à mul - 
lo enim cordis motu, niſi tenſionem ſuam remit- 
tente, & ab irruente ſanguine Diaſtole ejus li- 
bratis adeo viribus ſuccedit. | 
I have tranſcribed the intire Paragraph, be- 
cauſe it contains his whole Hypotheſis of the 
Diaſtole, and all the notice that he takes of it 
thro' his whole Work. But how ſlender ſoe- 
ver this may prove, it is the moſt ſubſtantial 
that I have any where met with, except a late 
one of Mr. Comper, which is properly an Im- 
provement of this, and ſnall be conſidered in 
the Sequel. 
But, if Contraction be the ſole Action of 
theſe Fibres (as this Great Man confeſſes it 
to be) and as indeed it is of all Muſcular Fi- 
bres, I wonder how fo judicious a Writer 
came to ſlip into ſuch an abſurdity, as to call 
their Diſtention (vulgarly but improperly 
called Relaxation) a Motion of Reftirution. 
For. from the Nature of thoſe Fibres, and 
their diſpoſition in the Structure of the Heart, 
the natural State of the Heart appears mani- 
feſtly to be Torical, and its Dilatation a State 
of Violence; and conſequently, the Conſtri- 
ction is the true motion of Reſtitution, and the 
State to which it will ſpontaneouſly return, 
when the Force is taken off, which is the 
work of the Intercoſtal Muſcles and Dia- 
pPhragm. . ; 
Thus we are left ſtill to ſeek: for the true 
cauſe of the Diaſtole, which ſeems to me to be 
the main and moſt: difficult Phenomenon, re- 
lating to the Heart and the Circulation of the 
Blood. But in Mr. Cowper's ingenious Jntro- — 
duction to his Anatomy of Humane Bodies, 1 
N 2 find 
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find the Share which Dr. Lower hints the 
Blood to have in that Action, further proſe- 
cuted, and improv'd into the main Inſtru- 
ment of the Dilatation of the Heart, where- 
in I agree intirely with him. But as to the 
manner, and reaſons of its being ſo very in- 
ſtrumental, I can't be ſo perfectly of his 
mind. | 

The Heart (ſays this accurate Anatomiſt) of 
an Animal bears a great Analogy to the Pendu- 
lums of thoſe Artificial Automata, Clocks and 
Watches, whilſt its motion is performed like that 
of other Muſcles, the Blood doing the Office of 4 
Pondus. | 

This Explication, being but a Simile with- 
out a diſtin application to Particulars, is 
beſide ſo very ſhort, that I can at beſt but 
give a conjecture at the meaning, which if 1 
miſtake, I ſhall deſerve to be excuſed, and ex- 
pect to be better inform'd. 

By the Blood's doing the Office of a Pondus, 
I ſuppoſe he means, that the Blood contri- 
butes in the ſame manner to the motion of the 
Heart, as the Weeghts' do to that of the Pen- 
dulum of a Clock, If ſo, the Blood, according 
to him, muſt be the. Inſtrument of Conſtriction; 
and Dilatation maſt be the Natural State, or 
Spontaneous Motion, to which it wou'd, when 
under no violence, return; the contrary of 
which, I preſume, will appear ere I have 
done. 0 
But if he means, that the Blood in its reflux, 
by gravitating on the Auricles and Yentricles, 
/ dates and expands 'em, acting therein as a 
Counterpoiſe to its contractions as a Muſcle, I 
: cou'd wiſn his Deſign had not bound him up 
ö £03% un aw inne 
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to ſo narrow a compaſs, and that he had given \ 
us an explication at large of fo abſtruſe and 
ſo important a Phenomonon : Becauſe the Spe- 
cifick, Gravity of the Blood ſeems to me a 
cauſe by no means alone adequate to the ef- 
fect, which it is here ſuppos'd to produce. 

For, if the Blood acts only as a weight by 
meer gravitation, then that part of it only 
which deſcends. from the Parts above the 
Heart can be employ'd in that Action. This 
at the largeſt computation can't amount to 
Five pound weight, and muſt, according to 
the computation of Borellus, force a Machine, 
that is able to overcome a reſiſtance of 
135,000 J. I leave every man to dedu& what 
he ſhall upon examination find reaſonably to 
be deducted, and yet ſhall reſt ſecure, that it 
is not to be effected in the leaſt with ſo ſmall a 
Weight. | 

But neither does the Refluent Blood gravi- 
tate in any ſuch proportion, as I have here 


. aſſign'd. For to make a true eſtimate of its 
b Gravitation, we muſt conſider the Circumſtan- 
7 ces of the Liquor ſuppos'd to gravitate in 
i which it very much reſembles Water inclos'd 
r in a recurve Tube, of which, if the length of 
n the two Legs be equal, it may be ſuſpended 
f in the Air full of Water, with the Extremi- 
c ties downwards, without loſing a drop, al- 
tho' the Diameter of thoſe Legs ſhou'd be ve- 
A ry unequal. The Caſe of the Arteries and 
35 Veins is pretty near a parallel to a Tube, ſo 
a fd and inverted. For, if the Arteries and 
1 Veins be continued Tubes, (as by the Micro- 
p {cope they are made to appear) then ſup- 
to poſing their contents to have no other deter- 
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mination of motion, than their own weight 
wou'd give them, the contain'd Fluids 
muſt be counterpoiſes to each other. For the 
Veins and Arteries, being join'd at the ſmal- 
ler Extremeties, and the larger of both ter- 
minating in the ſame parallel Line, it is im- 
poſſible, according to the Laws of Hydreſta- 
tricks, that the cantents of either ſhou'd over- 
balance. t'other.' How far then muſt it fall 
ſnort of forcing the natural Power and Reſi- 
ſtance of ſo ſtrong a Muſcle as the Heart, by 
meer Gravitation. 

The Blood indeed has a Progreſſive Motion 
thro” its Veſſels, wherein it differs from Wa- 
ter, in a recurve Tube, in the Experiment 
above-ſtated. But, if the natural Gravita- 
tion of the Blood contributes nothing to the 
Dilatation of the Heart, this progreſſive mo- 
tion will not be found much more ſufficient. 
For, as this motion is deriv'd intirely from 
the Heart's Conſtriction (as all accounts hi- 
therto derive it) cou'd the Blood be ſuppos'd 
to re- act upon the Heart, with all the force 
firſt impreſs d upon it by the Heart, it, wou'd 
be inſufficient, unleſs we will ſuppoſe the 
Force communicated to be ſuperiour to the Pow- 
er Communicant, which is abſurd. 

But when the juſt and neceſſary Deductions 
for the Impediments, which the Blood mects 
with in its Progreſs thro” the Veſſels ſnall be 
made, the remaining Force wil be found ſo in 
exceeding weak, that to prop the Blood thro 
the Veins may be a task alone too great for 
ſo ſmall a Power, without charging, it with 
the additional difficulty of forcing the Muliclc 
of the Heart. 
Alphonjus 
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Alphanſus Bare llus, after a great deal of ſo- 
lemn pains taken to ſhew his care and exact- 
neſs, andi to poſſeſs his Reader of the truth of 
his Calculations, caſts up the force of the 
Heart, and the Muſcular Coat of the Arte- 
ries, to be together equal to a weight of 
35750 l. and allots em a Reſiſtance equal to 
180,900 J. to overcome which is 45 to 1. To 
make up for a diſproportion, by his own con- 
feſſion, incredible to thoſe who have not con- 
ſidered the matter as he had done, he flings 
into the Scale the additional Force of Tercuſſion, 
which he leaves indefinite, and thinks ſuffi- 
cient to. force any quieſcem finite Reſiſtance what- 


ſoe ver. g 


But as this Account and Hypotheſis are part 
of a Poſthumous Work (if a liberty of Conje- 
cture may be allow'd in ſo uncertain a matter,) 
| ſhou'd ſuſpect, that theſe Papers were left 
unfiniſh'd by Borellus ;, or at leaſt, that in ma- 
ny places the laſt hand was never put to em. 
For neither in this Place, nor any other of 
this Work, does he account for any more 
than the Syſtole of the Heart, and the reſiſt- 
ance which is made to the progreſſive motion 


of the Blood in the Arteries only. This alone _ 


he found to exceed the Power of the Heart ſo 
prodigiouſly, that he ſeems to ſhuffle it off his 
Hands with a general and precarious Solu- 


tion, as a difficulty that he was deſirous to be 


rid of. For, having aſcrib'd this ftupendous 
(as he himſelf calls it) effect to rhe Energy of 
Percuſſion, he takes no care to ſatiſie his Rea- 
der any farther about it, or to refer him, or 
give him the expectatiou of ſatisfaction an 
where elſe; altho' he has an exprels Treatiſe 
on the Foce of Percuſſion, which was written 
N 4 prepara- 
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preparatory to this, and to which he frequent- 
ly refers in other Places of this Work. But 
what confirms my ſuſpicion, that this part 
was intended for a farther Reviſe by the Au- 
thor, is, that he has left the Progreſs of the 
Blood thro' the Veins, and the Diaſtole of the 
Heart, abſolutely untouch'd, tho? they are 
diſficulties of a much greater magnitude than 
this, which he has attempted to account ſo 
ſtightly for: For, in theſe he is excluded the 
benefit of Percuſſion, and has yet a greater re- 
ſiſtance to overcome without it. Omiſſions of 
this kind are ſo unuſual with this Author, 
vhere- ever he knows himſelf to go upon ſure 
grounds, that it is to me an Argument, that 
he doubted the ſufficience of his Percuſſion, and 
reſerv'd theſe important Phenomena for farther 
conſideration, without plunging himſelf into 
ſuch an Abſurdity, as to aſcribe to Percuſſion 
any ſach Energy as to be able (ſo broken as it 

returns to the Heart) by its re- action to force 
that Power, from whence only it was at firſt 
deriv'd. 

Dr. Lower, and Mr. Comper, deliver their 
Opinions of the Cauſe of the Dilatation of the 
Heart ſo very ſhort, and without any Argu- 
ments to ſupport 'em, that by expoſing em 
naked, they ſeem rather to diſcourſe of it 
tranſiently, as men obliged by the nature of 
their Subjects to ſay ſomething of it, than 
ſolicitous to give any full or ſatisfactory Ac- 
count; and therefore I ſhall procecd no far- 
ther upon 'em here. ; 

But-tho' the //yporheſis of Boreus may, in 
this caſe, be found precarious or inſufficient 
(a misfortune that has befallen him in __ 

| Other 
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other Particulars) his Theory holds ſtill good. 
At leaſt it ought to be allowed, in juſtice to 


his great Abilities and Exactneſs, *till ſome 
body convicts him of ſome material Error in 
his Calculations, which has not as yet been 
- done by any body, that I know of. 


Suppoſing then the force of the Heart, and 


of the Muſcular Coat of the Arteries, as like- 


wiſe of the reſiſtance, which they muſt over- 


come, to be computed with any degree of 
accuracy, there remains yet ſuch a prodigious 


diſproportion to be accounted for, as requires 
ſome more powerful Agent, than any yet aſ- 
ſign'd, to make up the deficiency. | 
What aſſiſtance the Heart receives from the 
action of the Thorax towards the facilitating 
its contraction, without which aſſiſtance there 
cou'd have been no Syſtole, has been already 
ſhewn. But neither the Iercoſtal Muſcles, 
or Diaphragm, which are ſo inſtrumental in 
that part of its action, can contribute any 
thing to the Diaſtole; becauſe they ſerve only 
to enlarge the cavity of the Thorax, and there- 
by to open a paſſage to the Blood from the 
Heart, and promote its Conſtriction. | 


Whatever therefore the force is, that di- 


lates the Heart, and is the cauſe of the Di- 
aſtole, it muſt be equal to that of the Heart, 
the Intercoſtal Muſcles and Diaphragm; to all 


which it acts as an Antagoniſt. I take no no- 
tice of the Serratus Major Anticus, and other 


Muſcles ; which have an obſcure ſhare in the 
Elevation of the Coſte, becauſe as much may 
reaſonably be deducted upon the account of 
the Obliquus externus Abdomints, and other 
Muſcles ; which having their Inſertions on 
fome of the lower Xibs, are as inſtrumental 
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towards the Depreſſion of em, and ſo balance 
the Account. But the chief uſe of theſe is in 
violent Reſpiration : In ordinary ; Reſpiration 
their ſbare is ſmall. * r 
Such a real Power (which may in the leaſt 


be ſuſpected of any ſhare in this Action) is 


hard, perhaps impoſſible to be found in the 
Machine of any Animal Body; and yet with- 
out ſome ſuch Antagoniſt, it is as impoſſible 
the Circulation of the Blood ſhow'd be, main- 
tain'd. All the Engines yet diſcover'd within 
the Body, conſpire towards the Conſtriction of 
the Heart, which is the State of Quieſcence, to 
which it naturally tends. Vet we find it al- 
ternately in a State of Violence, that is, of Di- 
lat at ion; and this upon neceſſity, becauſe upon 
this Alternatian depends all Animal Life. 


Some ſufficient Cauſe external muſt there- 


fore be found, to produce this great Phenome- 
non; which Cauſe muſt be either in the Air, 
or At moſpbere, becauſe we have no conſtant 
and immediate Commerce with any other Me- 
dams: a 0 irn 5 

Some great Phyſicians, obſerving this, and 
that depriv'd hy whatſoever means of Com- 
munication with the eternal Air, we became 
inſtantly extinct, have imagin d, that in the 
Act of Inſpiration certain purer parts of the 
Air mixed with the Blood in the Lungs, and 
was convey:d with it to the Heart, where: it 
nouriſh'd a ſort of Vital Flame, which was the 
cauſe of this reciprocal Aſtus of the Heart: 
Others not quite ſo groſs, rejecting an Actual 
Flame, have fancied that theſe fine Parts of 
Air mixing with the Blood in the Veutricles 
of the Heart, produc'd an Efferveſcence which 


dilated it. But theſe Fancies have been long 
nce 
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fince exploded and condemn'd npon ample 
Conviction; and ' tis a Point yet undetermin'd, 
whether any Air does mix with the Blood at 
all in the Lungs, or not. ie 

But ſuppoſing, that ſome Air may inſinuate it 
ſelf iato the Pulmonary Vein, it can no other 
way dilate the Heart than by an Efferveſcence 
in the Left Ventricle, which wou'd not dilate 
the Right. But this Opinion is contradicted 
by Autopſie, and too laboriouſly- confuted by 
others, to be brought upon the Stage again 
here. | | | 

There remains therefore only the groſs Bo- 
dy of the Atmoſphere to be conſidered, which | 
is undoubtedly the true Antagoniſt to all thoſe * 
Muſcles, which ſerve for ordinary Inſpira- 
tion, and the Conſtriction of the Heart. This 
will appear more evidently, if we conſider not 
only the power, but the neceſſity} ocits Action 
upon Animal Bodies, as well as the want of 
other ſufficient Agents. | 

The Heart is a Solitary Muſcle of very 
great ſtrength, and the Iutercoſtal Muſcles and 
Diaphragm, which hkewiſe have no Antago- 
niſts, are a valt additional Force, which muſt 
be halanc'd by the contrary Action of ſome e- 
quivalent Power or other. For, tho' the 
Action of the Iutercoſtal Muſcles be voluntary, 
that does not exempt *em from the condition 
of all other Muſcles ſerving, for voluntary. mo- 
tion, which wou'd be iu a State of perpetuab 
Contraction, notwithſtanding any Influence of 
the Will, were it not for the libration of An- 
tagoniſt Muſcles. This libration between o- 
ther Muſcles, is anſwer'd by the Weight of the 
Incumbent Atmoſphere, which preſles upon 
the Thorax and other parts of the Body. And, 

| as 
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as in all other voluntary motions the influence 
of the Will only gives a prevalence to one of 
it two Powers before equilibrated, ſo here it 
ſerves to enable thoſe Muſcles to lift up a 
weight too ponderous for their ſtrength not 
fo aſſiſted ; and therefore as ſoon as that aſ- 
ſiſtance is withdrawn, the Coſte are again de- 
preſs'd by the. meer Gravitation of the At- 
moſphere, which wou'd otherwiſe remain ele- 
vated thro? the natural Tendency of thoſe 
Muſcles to contraction. 

This is evidently prov'd from the Torrice/- 
lian Experiments, and thoſe made upon Ani- 
mals in Mr. Boyle's Engine; where, as ſoon 
as the Air is withdrawn, and the preſſure 
thereby taken off, the Intercoſtal Muſcles and 
Diaphragm are contracted, and the Ribs ele- 
vated in an inſtant, and can't by any power 
of the Will be made to ſubſide, till the Air is 
again let in to bear *em forcibly down. 

It were ſcarce worth while to take notice 
here of a Miſtake of the Learned Dr. Wills, 
were it not for the great Authority of the 
Man, which is almoſt ſuijhcient to keep Er- 

| ror in countenace. The Do- 

De Reſpirations ctor having obſery'd, that the 
Organis © u. Fibres of the External and In- 

ternal Intercoſtal Muſcles ran 
in a contrary order, as it were, decuſſating 
each other, takes occaſion from thence to fan- 
ſie, that there was an oppoſition in their Of- 
fice ; and that as the External ſerv'd to raiſe 
up the Ribs, the Internal drew *tm down a- 
gain, forgetting at that time, Thar, when a 
contractile Body is faſten'd at the ſeveral ends 
to Points unequally moveable, let the Con- 
traction happen in what part or manner ſoc- 
ver 
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ver, the more moveable Point muſt be drawn 
towards the leſs moveable : By which Rule, 
whether External or Internal Intercoſtals be 
contracted, the lower Ribs will be forc'd to 
approach the upper, that is, be rais d up. 

As in the Elevation of the Cofte, the Blood, 
by the paſſage that is open'd for it, is in a 
manner ſolicited into the Lungs,; ſo in the 
Depreſſion of em, by the ſubſidence of the 
Lungs, and the contraQtion of the Blood-Veſ- 
ſels, both which are conſequent thereof, the 
Blood is forcibly driven, as it were with an 
Fmbelum, thro” the Pulmonary Vein into the 
Left Ventricle of the Heart. And this, to- 

ether with the general pin e of the Body 
y the weight of the Atmoſphere, which ſur- 
rounds and preſſes upon the whole Surface of 
it, is that Power which cauſes the Blood to 


mount in the Veins, after the force impreſs d 


upon it by the Heart is broken and ſpent,and 
which is ſufficient to force the Heart from its 
natural State to Dilatation. 5 
He that is able to compute the weight of a 
Column of Air, equal to the Surface of the 
whole Bodv, will readily grant it a power ſuf- 


- ficient for the Effects, which are here aſcrib'd 


toit. And when he conſiders, that the Bo- 
dies of Animals are compreſſible Machines, 
he will find that it muſt of neceſfity affect 
them in the mafiner here laid down. But tho? 


dur Bodies be entirely compos'd of Tubuli, or 


Veſſels filPd with Fluids; yet this preſſure, 
how great ſoever, being equal, cou'd have no 
effect upon em, if the ſuperficial Dimenſions 
were not eaſily variable; becanſe being com- 
preſsd on all parts with the fame degree of 


Force, the contain'd Fluids cou'd not” any 
9 - * \ 303 T1 + 16 At 
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where begin to recede, and make way for the 


reſt to follow, but wou'd remain as fix'd and 


immoveable as if they were actually ſolid. 


But by the Dilatation of the Thorax, room is 
made for the Fluids to move, and by the Co- 
arctation of it freſh motion is impreſt, which 
is the main Spring whereby the Circulation is 
ſet and kept going. | 

This reciprocal Dilatation and Contraction 
of the ſuperficial Dimenſions of the Body 


z I FJ = * . ' b 
"Teens, ſo. necelſary to Animal Life, that there 
is not any Animal ſo imperfect as to want it, 


at leaſt none to the inward Structure, of which 


our Anatomical Diſcoveries have yet reach'd. 


For, tho? moſt kinds of Fiſh and Inſects, wants 


both moveable Ribs and Lungs, and  conſe- 


quently have no dilatable , Thorax, yet that 
want is made up to em by an Analogous Me- 
chaniſm, anſwering ſufficiently the Neceſſities 
of their Life. | 
Thoſe Fiſhes which have no Lungs, have 
 Gills, which do the Office of Lungs, receiving 
and expelling alternately the Water, where- 
by the Blood-Veſſels ſuffer the ſame alteration 
of Dimenſions, that they do in the Lungs of 
more: perfect Animals 
ITbe Lungs or Air-Veſſels of Inſects, are yet 


exceedingly more different in Structure, Di- 


ſtribution, and Situation from thoſe of perfect 
Animals, than thoſe. of Fiſhes are, and yet in 
their Uſe and Action agree perfectly with 


both; that is, receiving and expelling the Air, 


and varying the Dimenſions and Capacities of 
"the Blood-Yefſels. Theſe having no Thorax, or 
ſeparate Cavity for the Heart and Air-Veſ- 
ſels, have. the latter (diftributed thro' the 
whole Trunk of their Bodies, by which they 

communicate 


in every Expiration compreſs'd; and 


were it not for that ſmall ' ſhare of Mufeular 
Motion, which it exerciſes in the Womb, it 
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communicate with the External Air through 
ſeveral Spiracula or Vent-holes, to which are 
faſten'd ſo many little Trachee, or Wind-pipes, 


which thence ſend their Branches to all. the 


Muſcles and Viſcera, and ſeem to accompany _ 
the Blood-Veſſels all over the Body, as they 


do in the Lungs only of perfect Animals. By 
this diſpoſition in every Inſpiration, the whole 
Body of theſe little Animals is inflated, and 


quently the Blood-Veſſels muſt ſuffer a YViciſſ- 
tude of Extenſion and Contraction, and a 
greater motion muſt thereby be impreſsd'up- 
on the Fluids contain'd in *em, than the Heart, 
which does not 1n thoſe Creatures appear to 
be Muſcular, ſeems capable of giving. 
The only Animal that is exempted from 
this neceſſary condition of Brearhing, or recei- 


vine and expelling alternately ſome Flaid into ani 
out of the Body, is a Fetws, But this, While 


included in the Womb, has little more than 
a vegetative Life, and ought ſcarce to be reck- 


ond among the number of Animals. , 


might without abſurdity be accounted for as 
a Graft upon, or Branch of the Mother. 
Concerning the' immediate matter, and 


means of Life, and Nutrition, Authors are 
not agreed, nor is it the buſineſs of this place 


to reconcile, or decide their differences, but 


to account for the motion of the Blood thro? 


the Veſſels only. In order to this, it will be 
neceſſary to obſerve, that the Pulſation of the 
Heart in a Fetus is fo very weak and obſcure, 


and the motion of the Blood fo extream flow 


and 
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and languid, as to be ſcarce, if at all, percei- 
_vable, as has been experienced in the Diſ- 
ſection of Puppies before Reſpiration had. 
| To produce ſuch a feeble Pal- 

Boyle of tbe pitatian, and creeping Motion, 
_ 2 no greater force ſeems to be 
ern & alimemi Tequired, than may be deriv'd 
lefedlu. from the Communication be- 
 _ tween the Veſſels of the Mo- 

ther and Fætus in the Placenta. I am not ig- 
norant, that divers very Learned Adonis 
(whom the Crowd have implicitly follow'd) 
have abſolutely rejected all Communication 
between theſe Veſſels. But, with ſubmiſſion 
to Great Authorities, I think they have acted 
arbitrarily, and without ſufficient Warrant 
from Reaſon or Experiment : / For neither are 
the Arguments which they bring againſt it 
concluſive, nor the Office which they aſſign 
to the Umbilical Veſſels in lieu of it, proper, 
or natural to thoſe Veſſels, or the reality of 
the Fact made out by any ſubſtantial Reaſons. 
Thoſe that reje& this Communication uſually 
do it in fayour of one or both of theſe Opini- 
ons, that the Arteries of the Uterus do depo- 
lite. a Nutritive Juice, or a Juice. impregnate 
with Ain in the Placenta, which is ſuck'd in by 
the Umbilical Vein, and convey'd to the Fa- 
zus, for the neceſſary Uſes of Nutrition and 
Jie. Now thoſe that patronize either of 
theſe Opinions, lead Nature an. unneceſſary 
Dauce. For it the Maternal: Blood does real- 
Ty contain any ſuch ; Nutritious or any ſuch 
neceſſary Aerial Particles, why ſhou'd they be 
Teparated and extravaſated, to be with diſh- 
£ulty receiv'd into the Umbilical, Vein, and a- 
Mea IMDb 1. Wiznt - p gain 
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gain mixt with the Blood, when they might 
more eaſily have been imparted by the plain 


ſimple way of Transfuſion from the Arteries . 


of the Mot her to the Veins of the Fetus.-. And, 
that this is the courſe which Nature takes in 
this caſe, I am perſwaded from the eaſineſs 
and ſimplicity of the Method, which readily 
performs what might be perhaps in vain ex- 

Qed from t'other, and wou'd - over and a- 

ve find 'em, what they ſeem. to grope ſo 
blindly about for, a firſt Mover of the Blood 
in a Futus. ie 


- Thoſe that contend for the conveyance of 


the Nutricious Juice, thro' the Umbilical Vein 
from the Placenta, are forced upon two diffi- 
culties next to Abſurdities. For firſt, they 


are oblig'd to make this Vein, which, as all 


other Veins, ſeems dedicated to the re- con- 
veyance of Blood only, the proper and imme- 


diate Chanel, thro' which a very different Li- 


quor is to be carried; and next, to give a 
Power of Attraction or Suction to it; becauſe 
the Nutricious Juice, which it is thus deſtin'd 
to carry, is both viſcous and ſtagnant, and has 


neither force to drive, nor ſubtilty to pene- 


trate, or inſinuate it ſelf into the Capillary 
Veins; and therefore muſt be drawn or ſuckt 
as Mill is from the Breaſt, to which the Pla- 
centa and its Nutricious Juice are by the Fa- 
vourers of em expreſly compared. But if this 


were the ſole uſe of the Placenta, and Umbili- 


cal Veſſels, why were the Umbilical Arteries 
ſent along with the Vein ? Their buſineſs is 
not to bring any thing back to the Fetus, nor 
can they contribute any thing to the benefit 
of the Mother; for the Uterine Arteries brin 
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all to the Placenta, the Umbilical Vein car- 
ries it to the Fætus, and the Uteryre Veins con- 
vey back again the Surcharge of the Mother's 
Blood ; the Umbilical Arteries only, have no- 
thing to do, and are ſuperfluous and imperti- 
nent, which 1s contrary to the conſtant pra- 
ctice of Nature. Yet if Autopſie did in the 
leaſt countenance this Hypotheſis, ſome de- 
fence might ſtill be made ; but we find in the 
Umbilical Vein of a Fetus nothing but Florid 
Blood, ſuch as in all probability it received 
immediately from the Arteries of the Mother 
without any mixture. And therefore I can't 
help concluding, that this Opinion engages 
its Favourers in ſome Abſurdity, without Ne- 
ceſſity and without Proof. 

They that from the Placenta ſupply the Bo- 
dy of the Fetus with Air, are as much di- 
ſtreſsd as t'other ; for they are forc'd to beg 
the Queſtion twice, which, even when gran- 
ted, will not anſwer their ends. Firſt, they 
ſuppoſe, that an intimate mixture or confu- 
ſion of Air with the Blood, is neceſſary for 
the ſupport of Animal Life, a Poſtulatum, 
which perhaps the former part of this Diſ- 
courſe may have render'd unneceſſary ; and 
next that, the Fætu, is ſupplyd with Air 
from, and its Blood mixt with it in the Pla- 
cent a. I 


But here again they fetch a Compaſs with- 


out neceſſity 'or proof. For if a mixture of 
Air Werne to a Fetus, why ſhould it 


be ' ſeparated from the Mother's Blood, and 
not rather both communicated together, ſince 
it is ſo much more eaſie and commodious. 
Bur neither does the Placenta ſeem to be in- 
858 — ſt ructed 
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ſtructed and provided for the ſeparation of 
Air, but of a much grofſer Fluid, deſtin'd to 
ſome other uſe, which Autopſie confirms: Yet, 
were' both theſe Opinions true, they are how- 
ever defective, and the Circular Motion of the 
Blood unprovided for. 

By the way of Transfuſion,” this great Phæ- 
nomenon is naturally accounted for, and the 
ends, for which the other two Hypotheſes 
were divisd, might both be anſwered with 
more eaſe. For the Hyſterick Arteries tranſ- 
mitting their Blood immediately to the Vmbi- 
lical Vein, may very eaſily tranſmit ſuch' Nu- 
tricious juices or Aerial Particles, as are con- 

. tain'd in the Blood along with it, without de- 
politing *em by the way. By this means ſo 
much of the Impulſe of the Mother's Blood is 
preſerv'd, as ſuſfices to maintain that languid 
Circulation which a Fætus enjoys. For the 
Blood being driven thro* the Arteries of the 
Uterus into the Umbilical Vein, is convey'd di- 
rely to the Sinus of the Porta, and thence by 
a ſhort and direct paſſage thro? the Cava to 

| the Heart; where paſſing thro* the Foramen 
| Ovale to the Left Ventricle, and thro' the Ca- 
nalis Arterioſus from the Right and Pulmonary 
ö Artery, it is all deliver'd without coming at 
- the Lungs to the Aorta, and from thence a- 
gain by the Umbilical Arteries to the Veins of 
the UMrervs, making a ſort of Epicvcle to the 
main Circulation in the Mother. 
t As this Opinion is favour'd by the ſtructure 
d and diſpoſition of the Blood-Veſſels on both 
e parts, ſo there is nothing in it difficult to be 
; concely'd, or repugnant to experience. Late 
- Diſcoveries have made it appear, that the Ar- 
O 2 teries 
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teries and Veins are continued Tubes, and 
that the latter contain nothing but what they 
receive from the former, and no reaſon ap- 
pears why we ſhou'd-think this Method to be 
varied in the Placenta. On the other hand, if 
the Arteries of the Uterus were continued to 
the Veins of the ſame part, and thoſe of the 
Fetus in like manner, without communicating 
with each other, their confluence in the Pla- 
centa ſeems to be altogether impertinent, and 
of no uſe, and the Vmbilical Arteries and Vein 
fram'd for no other ſervice or purpoſe, than 
to give the Blood room for an idle Sally. 
- Thus the reaſonableneſs of this old Opinion 
may be vindicated, but the certainty of it 
reſts upon ſtronger proof. Mr: Comper, to 
' whoſe happy Induſtry we owe the Confirma- 
tion of many ancient Diſcoveries, and the be- 
nefit of ſome new ones, has the honour to 
re- eſtabliſn this old, but long exploded Truth. 
For by pouring Aercury into a Branch of the 
Uterine, Artery of a Cow, that went into one 
of the Coryledones of the Uterus, he fill'd thoſe 
Branches of the Vmbilical Veins, which went 
from that Cotyledon to the Navel of the Fetus ; 
which, with a part of the Urerus, he keeps 
prepared by him. 
It wou'd be a weak Objection, to alledge, that 
the Obſervation and Experiment being made 
on the Uterus of a Cow, the Inference wou'd 
not hold from thence to a Woman, the one 
being Glanduliferous, and the other Placentiſe- 
vous; ſince ev'ry one of theſe Cutyledones, or 
Uterine Glandules, is in all reſpects a little 
Fl:tenta, and all the difference between 'em 15 
in number, name, and magnitude. Why Ku- 
TJ Ts minant 
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minants differ in this Particular from other #*- 
viparous Animals, is beſide the Subject of our 
preſent Enquiry. But the great Flux of 
Blood, which conſtantly follows upon draw- 
ing the Placenta from Women (which is fre- 
quently ſo great as to coſt em their Lives) is 
as plain a demonſtration to Reaſon of the 
Continuity of the Veſſels, as Mr. Compers Ex- 
periment is to the Eye. 

I have heard it objected by very learned 
Men, that if there were ſuch a Continuity of 
Veſſels, and ſuch Transfuſion of Blood, the 
Fetus muſt neceſſarily periſh thro? loſs of 
Blood, upon the ſeparation of the Placenta 
from the Uterus; but that, on the contrary, 
no viſible flux of Blood does follow while the 
Fetus continues wrapt in the Membrane, in 
which condition it may be kept alive ſome 
hours. To this it may be anſwer' d, that the 
Circulation in the Fætus, being deriv'd from 
the Mother, may be ſuppos'd wholly to ceaſe · 
upon the cutting off the Communication be- 
tween 'em, till it is again renew'd more for- 
cibly by Reſpiration. But if we allow the mo- 
tion already impreſs'd upon the Blood to be 
ſufficient to keep it going a little while; yet 
it muſt needs be ſo exceeding languid, that 
the meer reſiſtance of the external Air muſt 
be more than enough to hinder any Efflux of 
Blood from a Fetus before Reſpiration. How 
: long Life may be preſerv'd without an Au 
Circulation of the Blood, is a queſtion not of 
this place. But we have been convined by 
many and notorious Obſervations and Expe- 
riments, that Life has been recover'd a long 
time after all tokens of Reſpiration, Cixcula- 
| 0-3 ""* 
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| tion, or even Life it ſelſhave diſappear'd, ſo 
that we can't think the firſt Solution either 
impoſſible or improbable. 

expect to be told, that in the early days 
of Geſtation in Viviparons Animals there is no 
Placenta, or any Adheſion of the Umbilical 
Veſſels to any part of the Mother, and conſe- 
quently no ſuch Transfuſion ; and that in Ovi- 
parous there is no continuity, or communication 
ot Veſſels of any kind, during the whole time 
of Incubation. | | 

But theſe Objections carry neither the 

weight nor difficulty along with 'em, that they 
may be ſuppos'd to do; for in thoſe days 
there 1s neither Blood nor Blood-Veſſels, and 
conſequently there can be no Circulation of 
the Blood ; and the Embryo, of what Species 
ſoever, is no more than a Vegetable at that 
time; nor does the Fætus of any YViviparon 
Creature enjoy any Circulation, or ſhew any 
ſigns of Animal Life, till after thoſe Veſſels, 
as well as others requiſite to the Circulation, 
are compleated. 

It muſt be confeſsd, that Owiparous Animals 
are denied the Benefit of this Communication; 
but that want is ſufficiently compenſated by 
a peculiar Mechaniſm, which directly an- 
ſwers the ends of Reſpiration, and the preſſure 
of the Atmoſphere upon the Fætus. There is 
lat the obtuſe end of an Egg a ſmall Cavity 
fill'd with Air, which is the ſuccedaneous In- 
ſtrument to the Reſpiratory Organs. For as 
ſoon as the Contents begin to be warm'd by 
the Incubation of the Hen, Or - any analogous 
Heat of Furnace or Dunghil, the ſeveral Hu— 
mors of the Egg require 4 ferment ative mo- 
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tion, and the Air contain'd in the Cavity or 
Veſicle, at the obtuſe end of the Egg is rarefied, 
and the Veſicle extended and enlarg'd, and 
conſequently the other Contents are com- 
preſt; to which the ferment ative motion na- 
turally reſiſts. But both Bodies being as well 
compreſſible as dilatable, and both having an 
expanſive motion impreſt upon 'em by Incu- 


bation, the compreſſion and renitency will be 


mutual, but varied in degree, according as 
either, thro? the variation of Circumſtances, 
ſhall prevail. By this means, an Alternation 
of Compreſſion and Dilatation will be pro- 
duc'd in both, anſwering the reſpiratory mo- 
tion by which a motion will be communica- 
ted, which, as ſoon as the Organs by which 
it ſnou'd be regulated are compleated, will 
in the Body of the Pullus be regular and circu- 
latory. | 

Fabritius ab Aquapendente, and after him, 
our Great Dr. Harvey, have aſſign'd divers 
Uſes to this Cavity or Air Veſicle, the Ex- 
travagance of which have perhaps deterr'd 
others from enquiring ſo much into the Uſe, 
as the Importance of it requir'd. But tho? 1 
can't agree to that Perſpiration, Refrigeration, 
and Reſprration, which they make it the Inſtru- 
ment of; yet perhaps the Air, that was in- 
clos'd in that Cavity, may thro' the augmen- 
tation of the Body of the Puſſus, and its own. 


| Rarefattion (which is at laſt ſo great as to 


occupy half the Shell) break the Membrane, 


whic 4 it from the Pullus, and there- 
by give ſo much Reſpiration as to form the 


chirping Voice, which is often heard before 
the breaking of the Shell, and with it give 
WS an 
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an Addition of Strength to enable it to break 
the Shell. But how it ſhow'd reſpire ſooner, 
is to me inconceivable. . | 

There are many Problems of great ſeeming 
difficulty, the Solutions of which flow natu- 
rally from what has been laid down here : But 
intending to proſecute this Subject farther, 
and to treat of the Impediments of Reſpira- 
tion, and the Conſequences of Reſpiration 
obſtructed or intermitted, I ſhall reſerve em 
for that opportunity, and content -my felf 
here to attempt the Harveyan Problem only, 
which has given abundance of Authors fo 
much perplexity. 

That incomparable Philoſopher enquires , 
Why a Fœtus, takgn out of the Uterus with the 
Membranes intire, ſhall live in Water ſome 
hours without communication with the external 
Air; whereas if it be taken out and ſuffer d once 
to breath, it can't afterwards ſurvive a moment 
without the benefit of Reſpiration. 

Granting the Fact to be as he has deliver'd 
it, which yet is not ſo in all caſes, the main 
difficulty is grounded on a miſtake, which 
from the ſtating of the Queſtion I find this 
Great Man to have {lipt into. For he 
thinks, that a Fetus is ſooner ſuffocated after 
having once breath'd, than if it had not 
breath'd at all, and that by breathing it had 
contracted ſomething which render'd it more 
33 Idem tamen ſecundis exutus, (ſays 

e) ſi ſemel aerem intra Pulmoncs attraxerit, 
poſtea ne momentum quidem temporis abſq; eo du- 
rare poſſit, ſed confeſtim moriatur. And pre- 
ſently after, Siquidem conſtat, ſatum, poſtquam 
eum ſemel hauſerit, citius ſuſſecari ; quam cum 
A 
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ab illo prorſus accebatur. The Doctor obſer- 
ving a Fetus to live longer without Reſpira- 
tion, and to diſpence better with the want 
of Air while included in the Membranes in- 
tire, than it cou'd afterwards ; infers thence, 
that the Air does in the firſt Act of Inſpira- 
tion impreſs upon the Lungs ſome quality, 
which renders it ever after more indiſpenſa- 
bly neceſſary. But allowing his Obſervation, 
I muſt yet deny his Inference to be good: For 
deprive a Fetus of means of reſpiring, and 
then take it out of the Membranes, and it 
ſhall be as ſoon ſuffocated, as if it had reſpired 
before. This proves, that this neceſſity of 
intercourſe with the Air, by way of the Lungs, 
is not the Offspring , but the Parent of Re- 
ſpiration, and that, that Learned Man was 
drawn into a Fallacy of Non cauſa pro cauſa. 
The reaſon-of this Neceſſity is the preſſure 


of the external Air upon the Surface of the 


Body, from which it was defended dy the in- 
terpolition of the Membranes and the Hu- 
mors contain'd, which are not ſo compreſſi- 
ble as the Body of the Fætus it ſelf. So ſoon 
therefore as the Fætus is excluded, and exposd 
to the immediate contact of the ambient At- 
moſphere, the Veſſels and all the Cavities of 
the Body mult neceſſarily be ſo compreſsd, 
that the Fluids can't have room for motion.and 


conſequently the Fætus cou'd have no Life, if 


Nature had not contriv'd by the motion of 
the Thorax to remove and admit that preſſure 
alternately, and thereby to impreſs a motion 
on the Fluids, which is the Spring of Liſe. 
But this motion of the Thorax being any way 
ſuppreſs'd, the equal preſſure of the Atmo- 
ſphere 


— 
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ſphere on all parts occaſions a total Ceſſation 
of Motion, which is Death. 

I ſhall proſecute this Subject no farther 
now, nor trouble the Reader with any Apo- 
logy, for diſſenting from thoſe Great Men 
herein named; becauſe, I hope, I have done 
it with modeſty, and all the reſpe& due to fo 
great Authorities, and have aſſign'd nothing 
which is not matter of Fact uncontroverted, 
or deduc'd from it by plain mechanical Ne- 
ceſſity. | | 


Some 
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* 1 


Same T boughts and Experiments 
concerning Vegetation. By John 
Woodward, M. D. of the Col- 
lege of Phyſicians, and R.S. and 
Profeſſor of Phy/uck in Greſham 


llege. 


1 5 HE Ancients generally intituled the 
Earth to the Production of the Animals, 


Vegetables, and other Bodies upon and about it; 
and that for that reaſon *twas, that they gave 
it fo frequently the Epithets of Parent and 
Mother x. They were of o- 
pinion, that it furniſhed forth _.* Terra Targus. 
the Matter whereof thoſe Bo- N ee 
dies conſiſt; and received it all : 
back again at their Diſſolution for the Com- 
poſure of others. Even thoſe who aſſerted 
four Elements, ſuppoſed that the Earth was the 
Matter that conſtituted thoſe Bodies; and that 
Water and the reſt, ſerv'd only for the Con- 
veyance and Diſtribution of that Matter, in or- 
der to the formins and compoſition of them. 
Tis true, Thales, a Philoſopher of the firſt” 
rank in thoſe early Ages, has been thought 
to have Sentiments very different from theſe ; 
but that without juſt Grounds, as I think 1 
have ſufficiently proved in another Paper, 
which I am ready to produce. - 
ut 
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But tho? Antiquity thus gave its Vote for 


Terreſtrial Matter, ſeveral of the Moderns,and 
ſome of very great Name too, both here and 
abroad, have gone quite counter, and given 
theirs in behalf of Water. The Dignity of the 
Perſons that have eſpouſed it, as well as their 
Numbers, renders this Doctrine very conſide- 


rable, and well worth our enquiring into. 


The great Reſtorer of Ph:loſophy in this laſt 
Age,” my Lord Bacon, is of opinion, That for 


 Nouriſhment of Vegetables, the Water is * 


all in all; and that the Earth dath but beeß the 
Plant upright, and ſave it from 

Þ+ Nat. Hiſt. over- heat, and over-cold . O- 
Cent. 5. 5. 411. thers there are who are ſtill 
more expreſs; and aſſert Wa- 

ter to be the only Principle or Ingredient of 
all natural things. They ſuppoſe that, by 1 
cannot tell what Proceſs of Nature, Water is 
lrranſmuted into Stones, into Plants, and, in 
brief, all other Subſtances whatever. Helmont, 
particularly, and his Folow- 

* Complexionum * ers, are very Poſitive in this; 
. E- and offer ſome Experiments to 
En render it credible. Nay, a ve- 

+ Mr. Boyl, TY extraordinary Perſon of our 
Scept. Chym. par. 2. Our own Nation | tries thoſe 
Experiments over again; and 
' diſcovers a great Propenſity to the ſame 
Thoughts and Opinion they had; declaring 
for this Tranſmutation of Water into Plants 


and other Bodies, tho* with great Modeſty 


and Deference, which was his uſual man- 
ner. 

The Experiments they inſiſt upon are chiefly 
two ; the firſt is, that Mint, and ſeveral other 


Plants 


1 he 
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Plants proſper and thrive very greatly in Va- 
ter. The other is this; they take a certain 
quantity of Earth, and bake it in an Oven; 
then they weigh it, and put ĩt into an Barthen 
Pot. Having well water'd this Earth, they 
make choice. of ſome fit Plant, which, being 
firſt carefully weigh d, they ſet in it. There 
they let it grow, continuing to water it for 
ſome time, till *tis much advanced in bigneſs 2 | 4 
Then they take it up; and tho the Bulk and > 
Weight. of the Plant be much greater than 
when fir ſt ſer, yet upon babing the Earth, and 
weig hing it, as at firſt, they find it little or not 
at all diminiſhed in weight; and therefore con- 
clude, 'tis not the Earth but Water, that nou- 
riſhes and is turn d into the Subſtance of the 
n | | | 
_ muſt confeſs I cannot ſee how this Experi- 
ment can ever be made with the nicety and 
juſtneſs that is requilite, in order to build upon 
it ſo much as theſe Gentlemen do. Tis hard to 
weigh Earth in that quantity, or Plants of the 
ſize of thoſe they mention, with any great ex- 
attneſs ;, or to bake the Earth with that accu- 
racy, as to reduce it twice to juſt the ſame 
Drineſs. But I may wave all this; for tho? 
the Experiment be never ſo eaſily practicable, 
and all the Accidents of it exactly as they ſet 
, forth, yet nothing like what they infer can 
b poſſibly be concluded from it; unleſs Water, 
8 which they ſo plentifully beſtow upon the | 
a Plaut in this Experiment, be pure, homoge- 
7 neous, 8 with any rerreſtrial 
4 Mixture ;, for. M it be, the Plant after all | 
may owe its ,g&ewth and increaſe intirely to | 
y that. . * 15 12 23 
* une 
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Some Waters are indeed ſo very clear and 
tranſparent, that one would not eaſily ſuſpect 
any rerreſtrial Matter were latent in them; 
but they may be highly ſaturated with ſuch 
Matter, tho* the Eye be not preſently able 
to deſcry or diſcern it. *Tis true, Earth is an 
Opake Body; but it may be fo far diſſolved, 
reduced to ſo extreme ſmall Particles, and 
theſe ſo diffuſed through the watery Maſs, as 
not ſenſibly to impede Viſion, or render 
the Water much the. leſs diaphanous. Silver is 

an Opake, and indeed a very denſe Body; and 
yet, if perfectly difſolved in Sp. of Nitre, or 
' Aqua Fortis, that is rectiſied and thorowly fine, 
| it does not darken the 
provided the Silver Menſtruum, or render it 
be pure and abſolutely "Jeſs pellucid than be- 
>. cr I fore L. And other In- 
wil produc: Y blue Pin ſtances there are, that 
cure in the Menſtru- oftentimes great quanti- 
um; as that of ſome ries of Opake Matter are 
other Bodies, one dif- ſuſtain'd in Fluids, with- 
rent. out conſiderably ſtriking 
the Eye, or being per- 
ceived by it. So that were there Water any 
where found ſo pure, that the quickeſt Eye 
could diſcover in it no rereſtrial Intermixture; 
—— wonld be far ſhort of a Proof, that in re- 
ality there was none. 
But after all, el the cleareſt Water is very 
far from being pure and wholly defecate, in any 
rt of the World that I can learn. For Ours 
iere, I have had an Opportunity of examin- 
ing it over a good part of England; and can- 
not ſay I ever met with any, that, however 
freſh and newly taken out of the Spring, did 
v 146 not 
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not exhibit, exen to the naked Eye, great 
numbers of exceeding ſmall terreſtrial Parti- 
cles diſſeminated through all parts of it. 
Thicker and craſſer Water exhibits them in 
ſtill greater Plenty. 

Theſe are of two general kinds. The one 
a vegetable terreſtrial Matter, conſiſting of 
very different Corpuſcles; ſome whereof are 
proper for the formation and increment of 
one ſort of Plant, and ſome of another; as 
alſo ſome for the nouriſhment of one part of 
the ſame Plant, and ſome of another. The 
other kind of Particles ſuſtain'd in Water are 


of a Mineral Nature. Theſe likewiſe are of 

different ſorts. In ſome Springs we find Com- 

t mon Salt, in others Vitriol, in others Alum, * 

x Nitre, Sparr, Ochre, &c. nay, frequently ſe- — 

- veral of theſe, or other Minerals, all in the 

t ſame Spring; the Water as it drains and paſ- 

— ſes thorough the Strata of Stone, Earth, and 

e the like, taking up and bearing along ſuch 

- looſe Mineral Corpuſcles, as it meets with in 

£ the Pores and Interſtices of thoſe Strata, and 

r bringing them on with it quite to the Spring. 

1y All Water whatever is much charged wit 

ye the — — Matter, this being fine, light, 

e; and eaſily moveable. For the Mineral, the 

e- Water of Springs contains more of it than 

that of Rivers, eſpecially when at diſtance 

1 from their Sources; and that of Rivers more 

ny than the Water that falls in Rain. This I: 

TO have learn'd ffom ſeveral Trials, which 1 

in- muſt not give Account of here y Drift in | 
in- this place being only to evince the Exiſtence, 9 
rer of terreſtrial Matter in Water. | 
did | 
not | 


Any 
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Any one who deſires farther ſatisfaction in 
this, may eaſily obtain it, if he only put Wa- 
ter into a clear Glaſs Viol, ſtopping it cloſe, 
to keep Duſt and other exterior Matter out, 


and letting it ſtand, without ſtirring it for 


ſome Days: He'll then find a conſiderable 
Quantity of terreſtrial Matter in the Water, 
however pure and free it might appear when 
firſt put into, the Viol. He'll in a very ſhort 
time-obſerye, as I have frequently done, the 
Corpuſcles that were at wy while the Wa- 
ter was agitated and kept in motion, ſepa- 
| rate, and hardly viſible *, 

J ſzy nothing by degrees, as the Water 
of 1boſe that were permits, by its becoming more 
not diſcernible. {till and at reſt, aſſembling 
<> vine and combining together; by 
that means forming ſomewhat larger and more 
conſpicuous Molecule. Afterwards he may 
behold theſe joining and fixing each to other, 
by that means forming large thin Maſſes, ap- 
pearing like Nubeculæ, or Clouds in the Wa- 
ter; which grow more thick and opake, by 
the continual appulſe and accretion of freſh 
Matter. If the ſaid Matter be chiefly of the 
Vegetable kind, *twill be ſuſtain'd in the 
Water; and diſcover at length a green Co- 
lour, becoming ſtill more and more of that 
Colour, I mean an higher and more ſaturate 
Greea, as the Matter thickens and encreaſes. 
Tbat this Aatter inclines ſo much to that Co- 
loun, is the leſs;ftrange, ſince we ſee fo large a 
ſnare of it, when conſtituting Vegetables 
wearing the ſame Colour in them. But if 
there be any conſiderable quantity of meer 


Mineral Matter in the Water, this, being 
3 of 
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of a greater ſpecifick Gravity than the Vege- 
table, as the Particles of it unite and com- 
bine in ſuch Number, *rill they form a Mole- 
cula, the Impetus of whoſe Gravity ſurpaſſes 
that of the Reſiſtance of the Water, ſubſides 
a great deal of it to the bortom. Nor does it 


only fall down it ſelf, but frequently entang- 


ling with the Vegetable Nubecule, forces them 
down along with it. 

- The Reaſon why Bodies, when diſſolved 
and reduced to extreme ſmall Parts, are ſu- 
ſtain'd in Liquors that are of leſs ſpecifick Gra- 
vity than thoſe Bodies are, hath been pointed 
at by a late ingenious Member * Mr. 

of this Society x. He is indeed %. Philaf. 
far from having adjuſted all the 7,axf; xv. 181. 
Momenta. of this Affair; howe- 

ver it muſt be admitted, that, in the divi- 
ding or ſolution of Bodies, their Surfaces do 
not decreaſe in the ſame Proportion that their 
Bulk does. Now the Gravity, of a Body, 
which is the Cauſe of its ſinking or tendency 
downwards, is commenſurate to its Bulk 
but the Reſiſtance that the Liquor makes, is 
proportion'd, not to the Bulk, but to the 
extent of the Surface of the Body immerſed in 
it. Whence tis plain, a Body may be fo far 
divided, that its Parts may be ſuſtain'd in a 
Fluid, whoſe ſpecifick Gravity is leſs than 


that of the ſaid Body. Nay, tis Matter of 
Fact that they frequently are ſo ; and we dai- _.. 


ly ſee Menſtrua ſupporting the Parts of Me- 
tals, and other Bodies, that are of fix, ten, 
nay, almoſt twenty times the Spec. Grav. of 
thoſe Menſtrua, And as the Parts of Bodies 
when divided, are thus — in a — 

© 
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ſo when they occur and unite again, they 
muſt ſink of courſe, and fall to the Bot- 
tom. 


Upon the whole, *tis palpable and beyond 


reaſonable Conteſt, that Water contains in it 
a very conſiderable Quantity of terreſtrial 
Matter, Now the Queſtion is, to which of 
theſe, the Water, or the Earthy Matter ſu- 
ſtain'd in it, Vegetables owe their Growth 
and Augment: For deciding of which, I con- 
ceive the following Experiments may afford 
ſome Light; and I can ſafely ſay, they were 
made with due Care and Exactneſs. 


Anno 1691. 


I choſe ſeveral Glaſs Viols, that were all, as 
near as poſſible, of the ſame ſhape and big- 
neſs. After I had _ what Water I thought 
fit into every one of them, and taken an Ac- 
count of the weight of it, I ſtrain'd and ty'd 
over the Orifice of each Viol, a Piece of Parch- 
ment, having an hole in the middle of it, 
large enough to admit the Stem of the Plant 
I deſign'd to ſet in the Viol, without confining, 
or ſtraightning it ſo as to impede its Growth. 
My Intention in this, was to prevent the in- 
cloſed Water from evaporating, or aſcending 
any other way than only thorough the Plant 
to be ſet therein. Then I made choice of ſe- 
veral Sprigs of Mint, and other Plants, that 
were, as near as I could poſſibly judge, alike 
freſh, ſound, and lively. Having taken the 
weight of each, I placed it in a Viol, order'd 
as above; and as the Plant imbib'd and drew 


off the Water, I took care to add more of the 


ſame 
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ſame from time to time, keeping an Account 
of the weight of all I added. Each of the 
Glaſſes were, for better diſtinction, and the 
more eaſie keeping a Regiſter of all Circum- 
ſtances, noted with a different Mark or Let- 
ter, A, B, C, &. and all fet in a Row in the 
fame Window, in fach manner that all might 
partake alike of Air, Light, and Sun. Thus 
they continned from Fuly the Twentieth, to 
October the Fifth, which was juſt Seventy ſe- 
ven Days. Then I took them out, weigh'd 
the Water in each Viol, and the Plant like- 
wiſe, adding to its weight that of all the 
Leaves that had fallen off during the time it 
ſtood thus. And Laſtly, I computed how 
much each Plant had gain'd; and how much 
Water was ſpent upon it. The Particulars 
are as follows. | 


(A.) Common Spear-Mint ſet in Spring-Wa- 
© ter, The Plant weighed when püt in Jul 
©20. juſt 27 Grains; when taken forth, 06 
©5- 42 Grains: So that in this ſpace of 77 


Pays, it had gained in weight 15 Grains. 

© The whole Quantiry of Water expended, 
© during theſe 77 Days, amounted to 2558 Gr. 
© Conſequently the weight of the Water taken 
© up, was 17075 times as much as the Plant 


© had got in weight. | 


t (B. Common Spe ar-Mint, Rain-Mater. The 
Mint weigh'd, when put in, Gr. 284; when 
; taken out Gr. 452, having gain f in 77 Days 
2. 4 x; 


F'2 The 
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The Diſpendium of the Water Gr. 3004, 
which was 1713; times as much as the Plant 
© had received in weight. | 


C.) Common Spear-mint,Thames-water. The 
Plant when put in, Gr. 28, when taken forth, 
© Gr. 54. So that in 77 Days it had gained 
© Gr. 26. 

© The Water expended, amounted to Gr. 
© 2493. which was 9523 times as much as the 
© additional weight of the Mint. | 

© (D.) Common Solanum , or Nig Roe : 
Spring- water. The Plant weigh'd, when put 
© in, Gr. 49; when taken out 106, having 
© gain'd in 77 Days 57 Gr. 

The Wat. expended during the ſaid time, 
© was 3708 Gr. which was 65,+ times as much 
© as the Angment of the Plant. 

© This Specimen had ſeveral Buds upon it, 

© when firſt ſet in the Water. Theſe in ſome 
© Days became fair Flowers , which were at 
length ſucceeded by Berries, 


(E.) Lathyris ſeu Cataputia Gerh, Spring- 
© Water. It weigh'd, when put inp Gr. 98. 
© when taken forth, Gr. 1014. The additional 
* welght for this whole 77 Days, being but 
. | 

© The Quantity of Water ſpent upon it, du- 
© ring that time, Gr. 2501. which is 714? 
times as much as the Plant was augmented. 


Several other Plants were tryd, that did 
not thrive +2 Water, or ſucceed any 


better than the Cataputia foregoing : 
But 
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But "tis beſides my purpoſe to give a parti» 
cular Account of them bere. 


(F, G.)The/e Two Viols were fill'd, the former 
(F) with Rain, the other with Spring-water, 
at the ſame time as thoſe above-mention'd 
were; and ſtood as long as they did. But 
they had neither of them any Plant; m 
Deſign in theſe being only to inform my ſelf, 
whether any Water exhaled out of the Glaſſes, 
otherwiſe than thorow the Bodies of the Plants. 
The Orifices of theſe two Glaſſes were co- 
ver'd with Parchment; each piece of it being 
perforated with an hole of th: ſame — 
with thoſe of the Viols above. In this I ſuſ- 
ſpended a bit of Stick about the thickneſs of 
the Stem of one of the aforeſaid Plants, but 
not reaching down to the Surface of the inclu- 
ded Water. I put them in thus, that the Wa- 
ter in theſe might not have more Scope to e- 
vaporate than that in the other Viols. Thus 
they ſtood the whole 77 Days in the ſame 
Window with the reſt ; when, upon Exami- 
nation, I found none of the Water in theſe 
waſted or gone off. Tho? obſerved both in 
theſe, and the reſt, eſpecially after hot Wea- 
ther, ſinall Drops of Water, not unlike Dew, 
adhering to the Inſides of the Glaſſes, that 
Part of them, I mean, that was above the 
Surface of the encloſed Water: 

The Water in theſe two Glaſſes that had no 
Plants in them, at the end of the Experiment, 
exhibited a larger Quantity of terreſtrial 
Matter than that in any. of thoſe that had the 
Plants in them did. The Sediment at the 
bottom of the Viols was greater; and the 


E 3 Nubeculs 
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Nubecule diffus d through the Body of the 
Water thicker. And of that which was in 
the others, ſome of it proceeded from certain 
{mall Leaves that had fallen from that part 


of the Stems of the Plants that was within the 


Water, wherein they rotted and diſſolved. 
The terreſtrial Matter in the Rain-water was 
finer than that in the Spring-water. 


Anno 1692. 


The Glaſſes made-uſe of in this, were of 
the ſame ſort with thoſe in the former Expe- 
riment ; and cover'd over with Parchment in 
like manner. The Plants here were all Spear- 

mint; the moſt kindly, freſh, ſprightly Shoots 
I could "choſe. | The Water, and the Plants 
were weight as above; and the Viols ſet in a 
Line, in a South Window ; where they ſtood 
from Fuze 2d, to July 28. which was juſt 56 
Days. 


(H.) Hyde-park, Conduit-water,alone, The 
© Mint weighed, when put in, 127 Gr. when 
© taken out, 255 Gr. The whole Quantity of 
© Water expended upon this Plant, amounted 
to 14190 Gr. bit: 

This was all along a very kindly Plant; 
© and had run up to above two Foot in height. 
It had ſhot but one | confiderable collateral 
Branch; but had ſent forth many and long 
* Roots, from which ſprung very numerous, 
© tho? ſmall and ſhort, leſſer Fibres. Theſe leſ- 
© fer Roots came out of the larger on two oppo- 


* ſite ſides, for the moſt part; ſo that each 
| | © Root, 
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© Root, with its Fibrille, appear'd not unlike 
© 2 ſmall Feather. To theſe Fibrille adher'd 
© pretty much terreſtrial Matter. In the Wa- 
© ter which was at laſt thick and turbid, was a 


green Subſtance reſembling a fine thin Con- 


© ferva. 


(I.) The ſame Water, alone. The Mint 
© weightd, when put in, 110 Gr. when taken 
© out, 249. Water expended, 13140 Gr. 

© This Plant was as kindly as the former, 
© but had ſhot no collateral Bfanches. Its 
* Roots, the Water, and the green Subſtance, 
all much as in the former. 


(K.) Hyde-Park, Conduit-water, in which 
© was diſſolved an Ounce and half of Common 
© Garden-earth, The Mint weightd, when put 
»in, 76 Gr. when taken out 244 Gr. Wager 
© expended, Gr. 10731. 

© This Plant, tho? it had the Misfortune'to 
© be annoy'd with many ſmall Inſects that hap- 
© pened to fix upon it; yet had ſhot very con- 
©fiderable collateral Branches; and at leaſt 
das many Roots as either that in H or I; 
© which had a much greater Quantity of ter- 
© reſtrial Matter adhering to the Extremities 
"of them. The ſame green Subſtance here, 
that was in the two preceding 
L Hyde-Park Water, with the fameQnan- 
ty of Garden-mould as in the former. The 
* Mint weigh'd, when put in, 92 Gr. when 
taken out 376 Gr. The Water expended 
14950 Gr. renee nent. 

© This Plant was far more flonrifhing than 
* any of the precedent ;* had ſeveral very con- 

P 4 © ſiderable 
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* ſiderable collateral Branches, and very nu- 
© merous Roots, to which terreſtrial Matter 
© adhered very copioully. 

© The Earth in both theſe Glaſſes was ve- 
© ry ſenſibly and conſiderably waſted, and leſs 
than when firſt put in. The ſame ſort of 
© green Subſtance here as in thoſe above. 


(M.) Hyde-Park, Water, diſtilled off with a 
© gentle Still. The Mint weigh'd,when put in, 
© 114 Gr. when taken out 155. The Water 
© expended, 8803 Gr. 

© This Plant was pretty kindly ; had two 
© ſmall collateral Branches, and ſeveral Roots, 
© tho? not ſo many as that in Hor I, but as 
© much terreſtrial Matter adhering to them 
© as thoſe had. The Water was pretty thick; 
© having very numerous ſmall terreſtrial Parti- 
© cles ſwimming in it, and ſome Sediment at 
© the bottom of the Claſs. This Glaſs had 


j none of the green Matter above-mentioned, 
in it. | 


(N.) The Reſidue of the Water, which re- 
© main'd in the Sri after r in M, was di- 
© ſtill'd off. It was very turbid, and as high- 
coloured (reddiſn) as ordinary Beer. The 
Mint weightd, when put in, 81 Gr. when 
taken out, 175 Gr. Water expended, 4344 
Gr. This Plant was very lively; and had 


* ſent out ſix collateral Branches, and ſeveral 
Roots. 


O.) Hyde-Park Conduit- water, in which was 
diſſolved a Drachm of Nitre. The Mint ſet 
in this ſuddenly began to wither, and decay } 

| an 
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and died in a few Days: As likewiſe did two 
more Sprigs, that were ſet in it, ſucceſſive- 
ly. In another Glaſs 1 diſſolved an Ounce of 
good Garden-mould, and a Drachm of Ni- 
tre ; and in a third, half an Ounce of Wood- 
aſhes, and a Drachm of Nitre; but the Plants 
in theſe ſucceeded no better than in the for- 
mer. In other Glaſſes I diſſolved ſeveral o- 
ther ſorts of Earths, Clays, Marles, and va- 
riety of Manures, &c. I ſet Mint in diſtilb'd 
Mint-water ; and other Experiments I made, 
of ſeveral kinds, in order to get Light and In- 
formation, what haſtened or retarded, pro- 
moted or impeded Vegetation ; but theſe do 
not belong to the Head I am now upon. 


(P.) Hyde-Park, Conduit-water. In this I fix'd 
a Glaſs Tube about ten Inches long, the Bore 
about one ſixth of an Inch in Diameter, fi'l'd 
with very fine and white Sand, which I kept 
from falling down out of the Tube into the 
Viol, by tying a tbin piece of Silk over that 
end of the Tube that was downwards. Upon 
Immerſion of the lower end of it into the 
Water, this by little and little aſcended quite 
to the upper Orifice of the Tube. And yet, 
in all the fifty fix Days which it ſtood thus, a 
very inconſiderable Quantity of Water had 
gone off, viz. ſcarce twenty Grains; tho” the 


Sand continued moiſt up to the top *till the 


very laſt. The Water had imparted a green 
Tincture to the Sand, quite to the very top 
of the Tube. And, in the Viol, it had pre- 
cipitated a greeniſh Sediment, mix'd with 
black. To the bottom and ſides of the Tube, 
as far as twas immers'd in the Water, ad- 


her'd 
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herd pretty much of the green Subſtance de- 
ſcribed above. Other like Tubes I fill'd with 
Cotton, Lint, Pith of Elder, and ſeveral o- 
ther porous Vegetable Subſtances; ſetting 
ſome of them in clear Water; others in Wa- 
ter tinged with Saffron, Cochinele, &c. And 
ſeveral other Trials were made, in order to 
give a mechanical Repreſentation of the mo- 
tion and diſtribution of the Juices in Plants; 
and of ſome other 'Phenomena obſervable in 
Vegetation, which I ſhall not give the Parti- 
culars of here, as being not of uſe to my pre- 
ſent deſign. | 


(Q, R, S,) &c. Several Plants ſet in Viols, 
ordered in like manner as thoſe above, in 
October, and the following colder months. 
Theſe throve not near ſo much; nor did the 
Water aſcend in nigh the quantity it did in 
the better Seaſons, in which the before reci- 
ted Trials were made. 


Some Reflexions upon the foregoing Expe- 
riments. 


1. In Plants of the ſame kind, the leſs they 
are in Bulk, the ſmaller the Quantity of the fluid 
Maſs , in which they are ſet, is dramn off ;, 
the Diſpendium of it, where, the Maſs is of 
equal thickneſs, being pretty nearly proportioned 
to the Bulk, of the Plant. Thus that in the 
Glaſs mark'd A, which weig'd only 27 Gr. 
drew off but 2558 Grains of the Fluid; and 
that in B, which weigh'd only 284, took up 
but 3004 Gr. ; whereas that in H, which 

| weigh'd 
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f weigh'd 127 Grains, ſpent 14190 Gr. of the 
1 Liquid Maſs. 

The Water ſeems to aſcend up the Yeſels 
of Plants, in much the ſame! manner as up 
a Filtre; and 'tis no great wonder that a lar- 

er Filtre ſhould draw off more Water than a 
eſſer; or that a Plant that has more and lar- 
ger Veſſels, ſhould take up a greater ſhare of 
the Fluid in which it is ſet, than one that has 
1 fewer and ſmaller ones can.' Nor do I note 
I this as a thing very conſiderable in it ſelf, but 
a chiefly in regard to what I am about to offer 
beneath; and that it may be ſeen that, in 
my other Collations of Things, I made due 
Allowance for this Difference. | 


2. The much greateſt part of the fluid Maſs, 
8 that is thus drawn off and convey d into the Plants, 
does not ſettle, or abide there; but paſſes through 
the pores of them, and exhales up into the Atmo- 
ſphere. That the Water in theſe Experiments 
aſcended only through the Veſſels of the 
Plants, is certain. The Glaſſes F and G 
f that had no Plants in them, tho' diſpoſed of 
in like manner as the reſt; remain'd at the 
End of the Experiment, as at firſt; and none 
of the Water was gone off. And that the 
greateſt part of it flies off from the Plant in- 
to the Atmoſphere, is as certain. The leaſt 
Proportion of the Water expended, was to / 
the Augment of the Plant, as 46 or 50 to 1. 
And in ſome the weight of the Water drawu 
off, was 100, 200, nay, in ohe above 700 
times as much as the Plant had received of 


d * 
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This fo continual an Emiſſion and Detach- 
ment of Water, in ſo great Plenty from the 
parts of Plants, affords us a -manifeſt reaſon 
/whyCountries that abound with Trees, and the 
larger Vegetables eſpecially, ſhould be very ob- 
noxious to Damps, great Humidity in the 
Air, and more frequent Rains, than others 
that are more open and free. The great Moi- 
ſture in the Air, was a mighty inconvenience 
and annoyance to thoſe who firſt ſettled in 
America ;, which at that time was much over- 
grown with Woods and Groves. But as theſe 
were burnt and deſtroy'd,to make way for Ha- 
bitation and Culture of the Earth, the Air 
mended and cleared up apace, changing into 
a Temper much more dry and ſerene than 
befores c 09 : 
Nor does this Humidity go off pure and 
alone; but uſually bears forth with it many 
Parts of the ſame Nature with thoſe whereof 
the Plant, through which it paſſes, conſiſts. 
The Craſſer indeed are not ſo eaſily born up 
into the Atmoſphere; but are uſually depoſited 
on the Surface of the Flowers, Leaves, and other 
Parts of the Plants: Hence comes our Man- 
na's, our Honeys, and other Gummous Exſu- 
dations of Vegetables. But the finer and ligh- 
ter Parts are with greater eaſe ſent up into 
the Atmoſphere. Thence they are conveyed 
to our Organs of Smell, by the Air we draw 
in Reſpiration; and are pleaſant or offenſive, 
beneficent or injurious to us, according to 
the Nature of the Plants from whence they 
ariſe. And ſince theſe owe their Riſe to the 
Water that aſcends out of the Earth through 
the Bodies of Plants, we cannot be far to * 
| or 
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for the Cauſe why they are more numerous in 
the Air, and we find a greater quantity of 


Odors exhaling from Vegetables, in warm, 
humid Seaſons, than in any other whatever. 


3. A great we of the terreſtrial Matter that 
is mix d with the Water, aſcends up into the Plant 
as well. as the Water. There was much more 
terreſtrial Matter at the end of the Experi- 
ment, in the Water of the Glaſſes F and G, 
that had no Plants in them, than in thoſe that 
had Plants. The Garden-mould diſſolved in 
the Glaſſes K and L was conſiderably dimi- 
niſhed, and carried off. Nay, the terreſtrial 
and vegetable Matter was born up in the 
Tubes filled with Sand, Cotton, &c. in that 
Quantity, as to be evident even to Senſe. 


And the Bodies in the Cavities of the other 


Tubes,that had their lower Ends immers'd in 
Water, wherein Saffron, Cochinele, &c. had 
been infuſed, were tinged with Yellow, Pur- 
ple, &c. 

If 1 may be permitted to look abroad a 
while, towards our Shores and Parts within 
the Verge of the Sea, theſe will preſent us 
with a large Scene of Plants, that, along with 
the Vegetable, take up into them meer mine- 
ral Matter allo in great abundance. Such 
are our Sea-Purſlains, the ſeveral of Alpa's, 
of Sampires, and other marine Plants. Theſe 


contain common Sca-ſalt, which is all one 


with the Foſſil, in ſuch plenty, as not only to 


be plainly diſtinguiſh'd on the Palate, but may 


be drawn forth of them in conſiderable quan- 

tity. Nay, there want not thoſe who affirm, 

there are Plants found that will yield wy 
| | an 
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and other mineral Salts; of which indeed I am 
not ſo far ſatisfied, that I can depend on the 
Thing, and therefore give this only as an hint 
for Enquiry. 

To _n on with the vegetable Matter, how 
apt and how much diſpoſed this, being ſo ve- 
ry fine and light, is to attend Water in all 
its Motions, and follow it into each of its 
Receſſes, is manifeſt, not only from the In- 
ſtances above alledg'd, but many others. 
Percolate it withal the Care imaginable: Fil- 
ter it with never ſo many Filtrations, yet 
ſome terreſtrial Matter will remain. Tis 
true, the Fluid will be thinner every time 
than other, and more diſingaged of the ſaid 
Matter; but never wholly free and clear. 1 
have filtred Water thorough ſeveral wholly 
free and clear Sheets of thick Paper; and, after 
that, through very cloſe fine Cloth twelve 
times doubled. Nay, I have done this over 
and over; and yet a conſiderable quantity of 
this Matter diſcover'd it ſelf in the Water 
after all. Now if it thus paſs Interſtices, that 
are ſo very ſmall and fine along with the Wa- 
ter, tis the leſs ſtrange it ſhould attend it in 
its paſſage through the Ducts and Veſſels of 
Plants. Tis true, filtering and diſtilling of 
Water intercepts and makes it quit ſome of 
the Earthy Matter it was before impregna- 
6@\itha)4 But then that which continues 
with the Water after this, is fine and light; 
and ſuch conſequently, as is in a peculiar man- 
ner fit for the Growth and Nouriſhment of 
Vegetables. And this 1s the Caſe of Rain- 
water. The Quantity of terreſtrial Matter 


it bears up into the Atmoſphere, 1s not great. 
: But 
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But that which it does bear 'up, is mainly of 
that light kind of vegetable Matter; and that 
too perfectly diſſolved, and reduced to ſingle 
Corpuſcles, all fit to enter the Tubules 
and Veſſels of Plants: On which Account 
tis that this Water is ſo very fertile and pro- 


lifick. 

The Reaſon, why in this Propoſition, I 
ſay, only a great part of the terreſtrial Mat- 
ter that is mix'd with the Water, aſcends u 
with it into the Plant, is, becauſe all of it 
cannot. The mineral Matter is a great deal 
of it, not only groſs and ponderous, but ſca- 
brous and inflexible; and ſo not diſpoſed to 
enter the Pores of the Roots. And a great 
many of the ſimple vegetable Particles by de- 
grees unite, and form ſome of them ſmall 
Clods or Molecule ; ſuch as thoſe mention'd 
in- H, K, and L, ſticking to the Extremities 
of the Roots of thoſe Plants. Others of them 
intangle in a looſer manner ; and form the 
Nubecule, and green Bodies, ſo commonly ob- 
ſerved in ſtagnant Water. Theſe, when thus 
conjoin'd, are too big to enter the Pores, or 
aſcend up the Veſſels of Plants, which ſingly 
they might have done. They who are con- 
verſant in Agriculture, will eaſily ſubſcribe to 
this. They are well aware that, be their 
Earth never ſo rich, ſo good, and fo fit for 
the Production of Corn or other Vegetables, 
little will come of it, unleſs the Parts of it be 
ſeparated and looſe. -*Tis on this Account 
they beſtow the Pains they do in Culture of 
it, in Digging, Plowing, Harrowing, and 
Breaking of the Clodded Lumps of Earth. 
'Tis the ſame way that Sea-ſalt, Nitre, 3 

| Other 
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other Salts promote Vegetation. I am ſorry 
I cannot ſubſcribe to the Opinion of thoſe 
Learned Gentlemen, who imagine Nitre to 
be eſſential to Plants; and that nothing in 
the vegetable Kingdom is tranſacted without 
it. By all the Trials I have been able to 
make, the thing is quite otherwiſe ; and when 
contiguous to the Plant, it rather deſtroys 
than nouriſhes it. But this Nitre and other 
Salts certainly do; they looſen the Earth, 
and ſeparate the concreted Parts of; by that 
means fitting and diſpoſing them to be aſſumed 
by the Water, and carried; up into the Seed 
or Plant, for its Formation and Augment. 
There's no Man but muſt obſerve, how 
apt all ſorts of Salts are to be wrought upon 
by Moiſture ; how eaſily they liquate and run 
with it; and when theſe are drawn off, and 
have deſerted the Lumps wherewith they were 
incorporated, thoſe muſt moulder immediate- 
ly, and fall aſunder of Courſe. The hardeſt 
Stone we meet with, if it happen, as fre- 
quently it does, to have any ſort of Salt in- 
termix'd with the Sand of which it conſiſts, 
upon being expos'd to an humid Air, in a 
ſhort time diſſolves and crumbles all to pic- 
ces; and much more will clodded Earth or 
Clay, which is not of near ſo compact and ſo- 
lid a Conſtitution as Stone is. The ſame way 
likewiſe is Lime ſerviceable in this Affair. 
The Husbandmen ſay of it, that it does not 
fatten, but only mellows the Ground: By 
which they mean, that it does not contain 
any thing in it ſelf that is of the ſame Nature 
with the vegetable Mould, or afford any 
Matter fit for the Formation of Plants; but 

4 meerly 
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meerly ſoftens and relaxes the Earth; by 
that means rendering it more capable of en- 
tering the Seeds and Vegetables ſet in it, in 
order to their Nouriſhment, than 'otherwiſe 
it would have been. The Properties of Lime 
are well known; and how apt *tis to be put 
into Ferment and Commotion by Water.. Nor 
can ſuch Commotion ever happen. when Lime 
is mix'd with Earth, however hard and clod- 
ded that may be, without opening and looſe- 


ning of it. 


4. The Plant is more or leſs nouriſh'd and aug- 


mented, in proportion as the Water, in which it 
ands, contains a greater or ſmaller Quantity of 
proper terreſtrial Matter in it. The Truth of 
this Propoſition is ſo eminently diſceraible 
through the whole Proceſs of theſe Trials, 
that 1 think no doubt can be made of it. The 
Mint in the Glaſs C was of much the ſame 
Bulk and Weight with thoſe in A and B. 
But the Water, in which that was, being 
River-water, which was apparently ſtored 
more copiouſly with terreſtrial Matter; than 
the Spring or Rain-water, wherein they ſtood, 
were; it had thriven to almoſt double the 
Bulk that either of them had, and with a leſs 
Expence of Water too. So likewiſe the Mint 
in L, in whoſe Water was diſſolved a ſmall 
quantity of good Garden-mould, tho” it had 
the diſadvantage * to be leſs, 
when firſt ſet, than either of * Confer. Frop. 
the Mints in H or I, whoſe 1. Jupra. 
Water was the very ſame 
with this in L, but had none of that Earth 
mix'd with it; yet, in a ſhort time the Plant 
not 
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not only overtook, but much out-ſtripp'd 
thoſe, and at the end of the Experiment was 
very conſiderably bigger and heavier than ei- 
ther of them. In like manner the Mint in 
N, tho” lefs at the ag than that in M, 
being ſet in that thick, turbid, feculent Wa- 
ter, that remained behind, after that, where- 
in M was placed, was ſtilld off, had in fine 
more than doubled its original weight and 
balk ; and received above twice the additio- 
nal Encreaſe, than that in M, which ſtood 
in the thinner diſtill'd Water, ad done. And, 
which is nor leſs conſiderable, had not drawn 
— * the Quantity of Water that that 
Why, in the beginning of this Article, I 
limit the Proportion of the Augment of the 
Plant to the Quantity of proper terreſtrial 
Matter in the Water, is, becauſe all, even 
the vegetable Matter, to ſay nothing of the 
Mineral, is not proper for the Nouriſhment 
of every Plant. There may be, and doubt- 
leſs are, ſome Parts in different Species of 
Plants, that may be much alike, and ſo owe 
their Supply to the ſame common Matter; but 
*ris plain all cannot. And there are other 
Parts ſo differing, that *tis no ways credible 
they ſhould be form'd all out of the ſame ſort 
of Corpuſcles. So far from ir, that there 
want not good Indications, as we ſhall fee by 
and by, that every kind of Vegetable requires 
a peculiar and ſpecifick Matter for its For- 
mation and Nouriſhment. Yea, each Part of 
of the ſame Vegetable does ſo ; and there are 
very many and different Ingredients go to the 


- Compoſition of the ſame individual Plant. 


If 
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If therefore the Soil, wherein any Vegetable 
or Seed is planted, contains all or moſt of 


theſe Ingredients, and thoſe in due quantity, 
*twill grow and thrive there; otherwiſe *twill 


not. If there be not as many ſorts of Cor- 


puſcles as are requiſite for the Conſtitution of 
the main and more eſſential Parts of the Plant, 
*twill not proſper at all. If there he theſe, 
and not in ſufficient Plenty, *twill ſtarve, and 
never arrive to its natural Stature: Or if 
there be any the lefs neceſſary and eſſential 
Corpuſcles wanting, there will be ſome Fai- 
lore in the Plant; twill be defective in Taſte, 
in Smell, in Colour, or ſome other way. But 
tho a Tract of Land may happen not to con- 
tain Matter proper for the Conſtitution of 
ſome one pecaliar kind of Plant; yet it 'may 
for ſeveral others, and thoſe much differing 
among themſelves. The vegetative Parti- 
cles are commix'd and blended in the Earth, 
with all the diverſity and variety, as well as 
all the uncertainty conceivable. I have given 
— args of this elſe- 4 ak 
where +, an Il not re 0 0 
them here, but hope in Ane r 22% 8 
time to put them into a much ; 
better Light than that they there ſtand in. 

It is not poſſible to imagine, how one uni- 
form, homogeneous Matter, having its Prin- 
cCiples or Original Parts all of the ſame Sub- 
ſtance, Conſtitution, Magnitude, Figure, and 
Gravity, ſhould ever conſtitute Bodies ſo e- 
gregiouſly unlike, in all thoſe reſpects, as Ve- 
getables of different kinds are; nay, even as 
dhe different Parts of the ſame Vegetable. 
That one ſhould carry a refinous, another a 

22 milky, 
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milky, a third a yellow, a fourth a red Juice, 
in its Veins ; one afford a fragrant, another 
an offenſive Smell ; one be ſweet to the Taſte, 
another bitter, acid, acerbe, auſtere, &c. that 
one ſhould be nouriſhing, another poiſonous 
one purging, another aſtringent: In brief, 
that there ſhould be that vaſt difference in 
them, in their ſeveral Conſtitutions, Makes, 
Properties, and Effects, and yet all ariſe from 
the very fame ſort of Matter, would be very 
ſtrange. And, to note by the by, this Argu- 
ment makes equally ſtrong againſt thoſe, who 
ſuppoſe meer Water the Matter out of which 
all Bodies are form'd. 

The Cataputia in the Glaſs E received but 
very little Encreaſe, only three Grains and 
an half all the while it ſtood, tho' 2501 
Grains of Water were ſpent upon it. I will 
not ſay the reaſon was, becauſe that Water 
did not contain in it Matter fit and proper 
for the Nouriſhment of that peculiar and re- 
markable Plant. No, it may be the Water 
was not a proper Medium for it to grow in; 
and we know there are very many Plants that 
will not thrive in it. Too much of that Li- 
quor, in ſome Plants, may probably hurry the 
terreſtrial Matter thorough their Veſſels too 
faſt for them to arreſt and lay hold of it. Be 
that as it will, *tis moſt certain there are pe- 
culiar Soils that ſuit particular Plants. In 
England, Cherries are obſerved to ſucceed 
beſt in Kent; Apples in Herefordſhire ; Saffron 
in Cambridgeſhire ; Wood in two or three of 
our Midland Counties; and Teazles in Somer- 
ſetſhire. This is an Obſervation that hath 
held in all Parts, and indeed in all Ages 
| & the 


Miſcellanea Curioſa. 231 


the World. The moſt ancient | 
Writers of Husbandry * took id. Fra- 
notice of it; and are not wan- n Commer 
ting in their Rules for making quos Kei Raſti- 
choice of Soils ſuited to the Na- c«(s Seriptores. 
ture of each kind-of Vegetable | 
they thought valuable, or worth propaga- 
ting. | 

But, which is a further Proof of what I am 
here endeavouring to advance, that Soil that is 
once proper] and fit for the Production of ſome 
one ſort of Vegetable, does not ever conti- 
nue to be ſo. No, in Tract of time it loſes 
that Property; but ſooner in ſome Lands, and 
later in others : This is what all who are con- 
verſant in theſe things know very well. If 
Wheat, for Example, be ſown upon a Tra& 
of Land that is proper for that Grain, the 
firſt Crop will ſucceed very well; and perhaps 
the ſecond, and the third, as long as the 
Ground is in Heart, as the Farmers ſpeak ; 
but in a few Years *twill produce no more, if 
ſowed with that Corn : Some other Grain in- 
deed it may, as Barly. And after this has 
been ſown ſo often, that the Land can bring 
forth no more of the ſame, it may afterwards 
yield good Oats; and, perhaps, Peaſe after 


them. At length *twill become barren ; the 


vegetative Matter, that at firſt it abounded 
withal, being educed forth of it by thoſe ſuc- 


ceſſive Crops, and moſt of it born off. Each 


ſort of Grain takes forth that peculiar Mat- 
ter that is proper for its own Nouriſhment. 
Firſt, the. Wheat draws off thoſe Particles, 
that ſuit' the Body of that Plant ; the reſt ly- 
ing all quiet and undiſturbed the while. Aud 
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when the Earth has yielded up all them, thoſe 
that are proper for Barly, a different Grain, 
remain ſtill behind, till the ſucceſſive Crops 
of that Corn fetch them forth too. And ſo 
the Oats, and Peaſe, in their Turn; till in 
fine all is carried off, and the Earth in great 
meaſure drain'd of that ſort of Matter. 

After all which, that very Tract of Land 
may be brought to produce another Series of 
the ſame Vegetables ; bat never *till *tis fap- 
plied with a new Fund of Matter, of like 
ſort with that it at firſt contain'd. This Sup- 
ply is made ſeveral ways : By the Grounds ly- 
ing fallow for ſome time, till the Rain has 

1e Tiller's Care in manuring of it. And for 
farther Evidence that this Supply is in reality 
of like ſort, we need _ reflect a while upon 
thoſe Manures that are found by conſtant ex- 
1 beſt to promote Vegetation, and the 

ruitfulneſs of the Earth. Theſe are chiefly 
either parts of Vegetables, or of Animals; 
which 1ndeed either derive their own Nou- 
riſhment immediately from vegetable Bodies, 
or from other Animals that do ſo. In parti- 
cular, the Blood, Urine, and Excrements of 
Animals; Shavings of Horns, and of Hoofs; 
Hair, Wool, Feathers; calcin'd Shells; Lecs 
of Wine, and of Beer; Aſhes of all ſarts of 
vegetable Bodies; Leaves, Straw, Roots, and 
Stabble, turn'd into the Earth by plowing or 
otherwiſe, to rot and diſſolve there: Theſe, 
I fay, are our beſt Manures and, being ve- 
getable Subſtances, when refunded back again 

Rs the Earth, ſerve for the Formation ©: 


other like Bodics. 
* | Not 


8 down a freſh Stock upon it: Or, by 
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bans on ld wn Mi. 1 8 5 


Not wholly to confine our Thoughts to the 
Fields, let us look a while into our Gardens; 
where we ſhall meet with ſtill further Confir- 
mations of the ſame thing. The Trees, Shrubs, 
and Herbs cultivated in theſe, after they have 
continued in one Station, *till they have deri- 
ved thence the greater part of the Matter fit 
for their Augment, will decay and degene- 
rate, unleſs either freſh Earth, or ſome fit 
Manure, be applied unto them. *Tis true, 


they may maintain themſelves there for ſome 


time, by ſending forth Roots further and fur- 
ther to a great extent all round, to fetch in 
more remote Proviſion; but at laſt all will 
fail; and they muſt either have a freſh my 
ply brought to them, or they themſelves 

removed and tranſplanted to ſome Place bet- 
ter furniſhed with Matter for their Subſiſtence. 
And accordingly Gardiners obſerve, that Plants 
that have ſtood a great while in a Place, have 
longer Roots than uſual ; part of which they 
cut off, when they tranſplant them to a freſh 
Soil, as now not of any further uſe to thein. 
All theſe Inſtances, to paſs over a great ma- 
ny others that might be alledged, point forth 
a particular terreſtrial Matter, and not Wa- 
ter, for the Snbje& to which Plants -owe their 
Increaſe. Were it Water only,,-there would 
be no need of Manures ; or of tranſplanting 
them from place to place. The Rain falls in 
all Places alike ; in this Field and in that in- 
differently; in one ſide of an Orchard or Gar- 
den, as well as another. Nor could there be 
any reaſon, why a Tra® of I and ſhould yield 
Wheat one Year, and not the next; ſince the 
Rain ſhowers down alike in each. But Jam 
| Q 4 ſenſible 
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ſenſible I have carried on this Article to too 
great a length; which yet on ſo ample and 
extenſive a Subject, twas not eaſie to avoid. 


5. Vegetables are not form d of Water; but of 

a certain peculiar Terreſtrial Matter. It hath 
been ſhewn, that there is a conſiderable Quan- 
tity of this Matter contain'd both in Rain, 
Spring, and River-water: That the much 
greateſt part of the fluid Maſs that aſcends 
up into Plants, does not ſettle or abide there, 
but paſſes through the Pores of them, and ex- 
bales up into the Atmoſphere: That a great 
part of the terreſtrial Matter, mix'd with 
the Water, paſſes up into the Plant along 
with it; and that the Plant is more or leſs 
augmented 1n proportion, as the Water con- 
tains a greater or ſmaller Quantity of that 
Matter. From all which we may very reaſo- 
nably infer, that Earth, and not Water, is the 
Matter that conſtitutes Vegetables, The Plant 
in E drew up into it 2501 Grains of the fluid 
Maſs; and yet had received but Gr. 3 and a 
half of Increaſe from all that. The Mint in 
L, tho” it had at firſt the diſadvantage to be 
much leſs than that in I; yet being ſet in Wa- 
ter wherewith Earth was plentifully mix'd, 
and that in I only in Water without any ſuch 
additional Earth, it had vaſtly outgrown the 
other,weighing at laſt 145 Gr. more than that 
did, and fo having gain'd about twice as much 
as that had. In like manner that in K, tho twas 
a great deal leſs than when put in that in 1, 
and alſo was impair'd and offended by Inſects, 
yet being planted in Water wherein Earth 
was diſſolved, whereas the Water in which it 
f ſtood 


ö 
; 
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ſtood had none, it not only over- took, but 
conſiderably ſurpaſs'd the other; weighing at 
laſt 29 Gr. more than that in I, and yet had 
not expended ſo much Water as that by a- 
bove 2400 Gr. The Plant in N, tho' at firſt 
a great deal leſs than that in M; yet being 
ſet in the foul craſs Water that was left in 
the Still, after that,in which M was ſet, was 
drawn off, in Concluſion had gain'd in weight 
above double what that in the finer and thin- 
ner Water had. The Proportion of the Aug- 
ment of that Plant that throve moſt was, to 
the fluid Maſs ſpent upon it, but as 1 to 46. 
In others, *twas but as 1 to 60, 100, 200; 
nay, in the Cataputia, *twas but as 1 to 714. 
The Mint in B took up 39 Gr. of Water a- 
day, one day with another ; which was much 
more than the whole weight of the Plant ori- 
ginally; and yet, with all this, it gain'd not 
one fourth of a Grain a-day in weight. Nay, 
that in H took up 253 Gr. a-day of the Fluid: 
which was near twice as much as its original 
weight,it weighing, when firſt ſet in the Wa- 
ter, but 127 Grains. And, after all, the 
daily Encreaſe of the Plant was no more than 
Gr. 273. us | [213 


6. Spring, and Rain-water, contain pretty near 
an equal Charge of vegetable Matter; River-wa- 
ter more than either of them. The Plants in the 


 Glailes A, B, and C, were at firſt of much 


the ſame ſize and weight. At the End of the 
Experiment, the Mint in A had gain'd 15 
Gr. out of 2558 Gr. of Spring-water; that in 
B, Gr. 17 and an half, out of 3004 Gr. of Rain- 
water; but that in C had got 26 Gr. out - 

only 
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onls 2493 Gr. of River-water. I do not found 
this Propoſition ſolely upon theſe Trials; ha- 
ving made ſome more, which I do not relate 
here, that agree well enough with theſe. So 
that the Proportions here delivered, will hold 
for the main; but a ſtri& and juſt Compari- 
ſon is hardly to be expected. So far from ir, 
that I make no doubt, but the Water that 
falls in Rain, at ſome times, contains a grea- 
ter ſhare of terreſtrial Matter than that which 
falls at others. A more powerſul and intenſe 
Heat muſt needs hurry up a larger quantity 
of that Matter along with the humid Vapors 
that form Rain, than one more - feeble and 
remiſs ever poſſibly can. The Water of one 
Spring may flow forth with an higher Charge 
of this Matter, than that of another; this 
depending partly upon the quickneſs of the 
Ebullition of the Water, and partly upon the 
Quantity of that Matter latent in the Strata, 
through which the Fluid paſſes, and the grea- 
ter or leſs laxity of thoſe Strata. For the 
ſame reaſon, the Water of one River may a- 
bound with it more than that of another. 
Nay, the ſame River, when much agitated 
and in commotion, muſt bear up more of it, 
than when it moves with leſs rapidity and vio- 
lence. - That there is a great quantity of this 
Matter in Rivers; and that it contributcs 
vaſtly to the ordinary Fertility of the Earth, 
we have an illuſtrious Inſtance in the Nile, the 
Ganges, and other Rivers that yearly over- 
flow the neighbouring Plains. Their Banks 
ſhew the faireſt and largeſt Crops of any in 
the whole World. They are even loaded 


with the multitude of their Productions; and 
| thoſe 
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thoſe who have not ſeen them, will hardly 
be induced to believe the mighty Returns 
thoſe Tracts make in comparifon of others, 
_ have not the Benefit of like Inunda- 

ons. | 


7. Water ſerves only far 4 Vehicle to the ter- 
reſtrial Matter, which forms Vegetables ; and 
does nat it ſelf make any addition unto them. 
Where the proper terreſtrial Matter is wan- 
ting, the Plant is not augmented, tho* never 
ſd much Water aſcend into it. The Cat aputin 


in E took up more Water than the Mint in 


C, and yet had grown but very little, having 
received only three Grains and an half of ad- 
ditional weight; whereas the other had re- 
ceived no leſs than twenty ſox Grains. The 
Mint in I was planted in the ſame fort of 
Water as that in K was; only the latter had 
Earth diſſolved in the Water; and yet that 
drew off 13140 Gr. of the Water, gaining it 


ſelf no more than 139 Gr. in weight; where- 


as the other took up but 10731 Gr. of the 
Water, and was augmented 168 Gr. in weight. 
Conſequently that ſpent 2409 Gr. more af the 
Water than this in K did, and yet was not 
ſo much encreaſed-in weight as this by 29 Gr. 
The Mint in M ſtood in the very ſame kind 
of Water as that in N did. But the Water 


in M having much lefs; terreſtrial. Matter in 


it than that in N had, the Plant bore up 


8803 Gr. of it, gainingit ſelf only 41 Gr. the 
while; whereas that in N drew off no more 
than 4344 Gr. and yet was augmented 94 Gr. 
So that it ſpent 4459 Gr. of Water more than 
that did; and yet was not it ſelf ſo much in- 

creaſed 
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cteaſed in weight, as that was by 53 Gr. This 
is both a very fair, and a very concluſive In- 
ſtance; on which Account *tis that I make 
oftner uſe of it. Indeed they are all ſo; and 
to add any thing further on this Head, will 

-not be needful. | 
Tis evident therefore Water is not the 
Matter that compoſes Vegetable Bodies. Tis 
only the Agent that conveys that Matter to 
them; that introduces and diſtributes it to 
their ſeveral Parts for their Nouriſhment. 
That Matter is ſluggiſh and unactive, and 
would lye eternally confin'd to its Beds of 
Earth, without ever advancing up into Plants, 
did not Water, or ſome like Inſtrument, 
fetch it forth and carry it unto them. That 
therefore there is that plentiful Proviſion,and 
vaſt Abundance of it ſupplied: to all Parts of 
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the Earth, is a mark of a natural Providence t 
ſuperintending over the Globe we inhabit; Þ 
and ordaining a due Diſpenſation of that Flu- { 
id, without the Miniſtry of which the Noble f 
Succeſſion of Bodies we behold, Animals, Ve- 4 
i | 8 Minerals, would 4 
+ Conf. Nat. Hiſt. all at a ſtand . But to E 
Eartb, p. 47. & ſeq. keep to Plants, *tis mani- - 
uti & p. 128, Tc. feſt Water, as well on this, 1 
| as upon the other Hypo- 2; 

theſis, is abſolutely neceſſary in the Affair of * 
Vegetation; and it will not ſucceed without t 
it: Which indeed gave occaſion to the Opi- pe 
nion, that Water it ſelf nouriſhed, and was tl 
changed into vegetable Bodies. They ſaw, of 
tho? theſe were planted in a Soil never ſo fich, F 
ſo happy, ſo advantageous, nothing came of ſt 
it unleſs there was Water too in a conſiderable ſi 


quantity 


; 
f 
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quantity. And it muſt be allow'd Vegetables 
will not come on or proſper where that is 


wanting: But yet what thoſe Gentlemen in- 


Hg thence, was not, we ſee, well groun- 
ded. | 

This Fluid is capacitated for the Office 
here aſlign'd it ſeveral ways: By the Figure 
of its Parts; which, as appears from many 
Experiments, is exactly and mathematically 
Spherical; their Surfaces being perfectly po- 
lite, and without any the leaſt Inequalities. 
Tis evident, Corpuſcles of ſuch a Figure are 
eaſily ſuſceptible of motion, yea, far above 


any others whatever; and conſequently the 


moſt capable of moving and conveying other 
Matter, that is not ſo active and voluble. 
Then the Intervals of Bodies of that Figure 
are, with reſpect to their bulk, of all others 
the largeſt; and ſo the moſt fitted to receive 
and entertain foreign Matter in them. Be- 
ſides, as far as the Trials hitherto made in- 
form us, the conſtituent Corpuſcles of Water 
are each ſingly conſider'd abſolutely ſolid ; 
and do not yield to the greateſt. external 
Force. This ſecures their Figure againſt an 

Alteration ; and the Intervals of the Corpuſ- 
cles muſt be always alike. By the latter, 
*twill be ever diſpoſed to receive Matter.into 


it; agd by the former, when once received, 
to bear it on along with it. Water 1s further 


capacitated to be a Vehicle to this Matter, by 
the tenuity and fineneſs of the Corpuſcles 
of which it conſiſts. We hardly know any 
Fluid in all Nature, except Fire, whoſe con- 
ſtituent Parts are ſo exceeding ſubtle and 
ſmall - as thoſe of Water are. GN a 
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Pores and Interſtices, that neither Air not 
any other Flaid will. This enables them to 
enter the fineſt Tubes and Veſſels of Plants, 
and to introduce the terreſtrial Matter, con- 
veying it to all Parts of them; whilſt each, 
by means of Organs *tis endowed with for 
the purpoſe, intercepts and aſſumes into it 
ſelf ſuch Particles as are ſuitable to its own 
Nature, letting the reſt paſs on through the 
common Du&s. Nay, we have almoſt every 
where Mechanical Inſtances of much the ſame 
Tenor. *Tis obvious to every one how eaſily 
and faddenly Humidity, or the Corpuſcles 
of Water ſuſtained in the Air, pervade and 
inſinnate themſelves. into Cords , however 
tightly twiſted, into Leather, Parchment, 
Vegetable Bodies, Wood, and the like. This 
it is that Hrs them for Hygrometers; and to 
meafure and determine the different quanti- 
ties of Moiſtare in the Air, in different Pla- 
ces and Sexfons. How freely Water paſſes 
and carries with it terreſtrial Matter, through 

i1tres, Colatures, Diſtillations, &c. hath 
been intimated alrcady. 


8. Water # not capable of performing this Of- 
fice to Plants, unleſs aſſiſted by a due Quantity of 
Heat; and this muſt concur, or Vegetation will 
not fucreed. The Plants that were ſet in the 
Slaſſes Q, R, S, Cc. in October, and the fol- 
. colder Months, had not near the quan- 
tity of Water ſent up into them, or ſo great 
an additional Encreaſe by much, as thoſe that 
were ſet in June, Juh, and the hotter. *Tis 
plain Water has no power of moving it ſelf; 
or riſing to the vaſt height it does in the * 
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tall and lofty Plants. So far from this, that 
it does not appear from any Diſcovery yet 
made, that even its own Fluidity confifts in 
the inteſtine motion of its Parts; whatever 
ſome otherwiſe very learned and. knowl 
Perſons may have thought. There's no n 

of any thing more, for ſolving all the Phæno- 
mena of Fluidity, than ſuch a Figure and Diſ- 
poſition of the Parts, as Water has. Cor- 
puſcles of that make, and that are all abſo- 
Intely Spherical, muſt ſtand ſo very tickle and 
nicely upon each other, as to he ſuſceptible 
of every Impreſſion ; and, tho? not perpetu- 
ally in motion, yet muſt be ever ready and 
liable to be put into it, by any the ſlighteſt 
Force imaginable. It is true, the Parts of 
Fire or Heat are not capable of moving them- 
ſelves any more than thoſe of Water; but 
they are more ſubtil, light, and active, than 
thoſe are, and ſo more eaſily put into motion. 
In fine, 'tis evident and matter of Fact, that 
Heat does operate upon, and move the Wa- 
ter, in order to its carrying on the Work of 
Vegetation: But how ' tis agitated it ſelf, and 
where the motion firſt begins, this is no fit 
Place to enquire. 

That the Concourſe of Heat in this Work 
is really neceſſary, appears, not only from 
the 1 before us, but from all Na- 
ture; from our Fields and Foreſts, our Gar- 
dens and our Orchards. We ſee in Autumn 
as the Sun's Power grows gradually leſs and 
leſs, ſo its Effects on Plants is remitted, and 
their Vegetation ſlackens by little aud little. 
Its Failure is firſt diſcernible in Trees. Theſe 
are raiſed higheſt above the Earth; and re- 

quire 
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quire a more intenſe Heat to elevate the Wa- 
ter, charged with their Nouriſhment, to the 
Tops and Extremeties of them. So that for 
want of freſh, Support und Nutriment, they 
ſhed their Leaves, ualeſs ſecured by a very 
firm and hardy Conſtitution indeed, as our 
ever - Greens are. Next the Shrubs part with 
theirs; and then the Herbs and lower Tribes; 
the Heat being at length not ſufficient to 
ſupply even theſe, tho' ſo near the Earth, the 
Fund of their Nouriſhment. As the Heat re- 
turns the ſucceeding Spring, they all recruit 
again; and are furniſh'd with freſh Supplies 
and Verdure : But firſt, thoſe which are low- 
eſt and neareſt the Earth, Herbs, and the 
that require a leſſer. degree of Heat to raiſe 
the Water with its Earthy Charge into them : 
Thea the Shrubs. and higher Vegetables in 
their Turns; and laſtly, the Trees. As the 
Heat increaſes, it grows too powerful, and 
hurries the Matter with too great Rapidity 
thorough the finer and more tender Plants: 
Theſe therefore go off, and decay; and others 
that are more hardy and vigorous, and require 
a greater ſhare of Heat, ſucceed in their Or- 
der. By which Mechaniſm, provident Na- 
ture furniſhes us with a very various and dif- 
fering Entertainment; and what is beſt ſuited 
to each Seaſon, all the Year round. 
As the Heat of the ſeveral Seaſons affords 
us a different Face of Things; ſo the ſeveral 
diſtant Climates ſhew different Scenes of Na- 
| ture, and Productions of the 
* Conf. Nat. Earth *. The Hotter Couu- 
Hiſt. Earth, Pag. tries yield ordinarily the lar- 
267. & leq"... gelt and talleſt Trees; god 
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thoſe in too much greater variety than the 


colder ever do. Even thoſe Plants which are 


common to both, attain to a much greater 
Bulk in the Southern than in the Northern 


Climes. Nay, there are ſome Regions ſo: 


bleak and chill, that they raiſe no Vegeta- 
bles at all to any conſiderable ſize. This we 
learn from Groenland, from Iſtand, and other 
Places of like cold Site and Condition. In 
theſe no Tree ever appears; and the very 
Shrubs they afford, are few, little, and low. 

Again, in the warmer Climates, and ſuch 
as do furniſh forth Trees and the larger Ve- 
getables, if there happen a remiſſion or dimi- 
nution of the uſual Heat, their Productions 
will be impeded and diminiſhed in proportion. 
Our late Colder Summers have given us proof 
enough of this. For tho” the Heat we have 
had; was ſufficient to raiſe the vegetative 
Matter into the lower Plants, into our Corns; 
our Wheat, Barly, Peaſe, and the like; and 
we have had plenty of Straw-berries, Ras- 
berries, Currans,” Goosberries, and the Fruits 
of ſuch other Vegetables as are low and near. 
the Earth: Vea, and a moderate ſtore of 
Cherries, Mulberries, Plumbs, Filberts, and 
ſome others that grow 


ſomewhat at a greater 
Height; yet our Ap- 
ples, our Pears, Wal- 


nuts, and the Produ- 


ctions of the taller + 
Trees have been few- 
er, and thoſe not ſo 
kindly, ſo thoroughly 
nipen'd, and brought 
to khat Perfection they 


* The Dwarf. Apple ard 
Pear-trees bave ſucceeded bet- 
ter. And indeed in Trees of 
the ſame kind, thoſe that keep 
cloſeſt to the Earth always 
produce the moſt and beſt 
Fruit. For which Reaſon "ti 
that the Gardiners check and 
reſtrain the Growth of their 
better Fruitatrees, and pre- 
vent their running up to too 
great 4 Height: | 
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were in the former more benign and warm 
Seaſons. Nay, even the lower Fruits and 
Grains have had ſome ſhare in the common 


Calamity ; and fallen ſhort both in Number 


and Goodneſs of what the hotter and kinder 
Seaſons were wont to ſhew us. As to our 
Grapes, Abricots, Peaches, Nectarins, and 
Figs, being tranſplanted hither out of hotter 
Climes, tis the leſs wonder we have of late 
had fo general a Failure of them. 

.Nor 1s it the Sun, or the ordinary emiſſion 
of the Subterranean Heat only, that promotes 
Vegetation ; but any other indifferently, ac- 
cording to its Power and Degree : This we 


are taught by our Stoves, hot Beds, and the 


like. All Heat is of like kind; and where- 
ever is the ſame Cauſe, there will be con- 
ſtantly the fame Effect. There's a Procedure 
in every part of Nature, that is perfectly re- 
gular and geometrical, if we can but find it 
out; and the further our Searches carry us, 
the more ſhall we have occaſion to admire this, 
and the better twill compenſate our Induſtry. 
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An Account of the Meaſure of the 
thickneſs of Gold upon &ilt Vire; 
togetber with a Demonſtration of 
the exceeding Minuteneſs of the 
Atoms or conſtituent Particles of 
Gold; as it was read before the 
R. Society, 2% E. Halley. 


MAJ HAT are the conſtituent parts of 
' Matter, and how there comes to be 


ſo great a diverſity in the weight of Bodies, 
to all appearance equally ſolid and denſe, ſuch 
as are Gold and Glaſs, (whoſe ſpecifick Gra- 
vities are nearly as 7 to 1) ſeems a very hard 
Queſtion to thoſe that ſhall rightly conſider 
it : For from undoubted Experiment, Gra- 
vity is in all Bodies proportionable to the 
2 of Matter in each; and there is no 
uch thing as a propenſion of ſome more, o- 
thers leſs, towards the Earth's Center; ſince 
the Impediment of the Air being removed, all 
Bodies deſcend, be they never ſo looſe or 
compact in texture, with equal Velocity. It 


follows therefore, That there is 7 times as 


much Matter in Gold, as in a Piece of Glaſs 
of the ſame Magnitude; and conſequently, 
that at leaſt ſix parts of ſeven in the Bulk of 
of Glaſs, muſt be Pore or Vacuity: This ſome 
Favourers of the Atomical Philoſophy have 
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endeavoured to ſolve, by ſuppoſing the pri- 
mary or conſtituent Atoms of Gold to be much 
larger than thoſe of other Bodies, and conſe- 
quently the Pores fewer; whereas in other 
Bodies, the great multitude of the interſper- 
ſed Vacuities does diminiſh their Weights. 
Being deſirous to examine this Notion of 
the Magnitude of Atoms of Gold, I bethought 
my ſelf of the extreme Ductility of that Metal 
which 1s ſeen in the beating of it into Leaf, 
and above all in the drawing fine Gilt-wire, 
by means whereof, I believed I might moſt 
exactly obtain the true thickneſs of the Coat 
of Gold, that appears, even with the Micro- 
ſcope, ſo well to repreſent Gold it ſelf, that 
not the leaſt point of Silver appears through 
it. In order to this, I inform'd my ſelf. a- 
mong the Wire-drawers, what Gold they 
us'd to their Silver ; and they told me, that 
the very beſt double Gilt Wire was made out 
of Cylidrick Ingots, 4 Inches in Circumfe- 
rence, and 28 Inches long, which weigh 16 
Pounds Troy ; on theſe they beſtow 4 Ounces 
of Gold, that is, to every 48 Ounces of Silver 
one of Gold; and that two Yards of the ſu- 
per-fine Wire weighs a Grain. Hence at firſt 
ſight it appear'd, that the length of 98 Yards 
is in weight 49 Grains, and that a ſingle Grain 
of Gold covers the ſaid 98 Vards, and that 
the 10000th part of a Grain is above 4 of an 
Inch long; which yet may be actually divi- 
ded into 10, and ſo the 100000th part of a 


- Grain of Gold be viſible without a Micro- 


ſcope. But being deſirous to compute the 
thickneſs of the Skin of Gold, by means of 
the ſpecifick Gravities of the Metals, "nv 

Silver 
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Silver 105, and Gold 183, I found the Dia- 
meter of ſuch Wire the 3856 part of an Inch, 
and its Circumference the ; part; but the 
Gold in thickneſs no to exceed the „343; 
part of an Inch; whence it may be concluded, 
that the Cube ofthe hundreth part of an Inch 
would contain above 2433000000, (or the 
Cube of 1345) of ſuch Atoms. And it may 
likewiſe be marvelled at, that Gold being 
ſtretcht to ſo great a degree as is here demon- 
ſtrated, ſhould yet ſhew it ſelf of fo even and 
united a Texture, as not to let the white Co- 
lour of the Silver under it appear through 
any the leaſt Pores; which argues, that even 
in this exceeding thinneſs very many of thoſe 
Atoms may ſtill lie one over the other: 
Which is a Conſideration may merit the 
Thoughts of this Honourable Society , as 
tending to examine that renowned Atomical 
Doctrine, which has of late much obtained 
among the Learned. | 
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An Account of the ſeveral Species 
of Infinite Quantity, and of the 
roportions they bear one to the 
other, as it whs read before the 


Royal Society, 2. E. Halley. 


ST all Magnitudes infinite)y great, 
2 or ſuch as exceed any aſſignable Quan- 
tity, are equal among themſelves, though it 
it be vulgarly received for a Maxim, is not 
yet ſo common as it is erroneous ; and the 
reaſon of the miſtake ſeems to be, That the 
Mind of Man, coming to contemplate the 
Extenſions of what exceeds the bounds of its 
Capacity, and of which the very Idea does 
include a negation of Limits; it comes to 
paſs that we acquieſce generally, and it ſuffi- 
ces to ſay ſuch a Quantity is infinite. 

But if we come more nearly to examine 
this Notion, we ſhall find, that there are re- 
ally beſides infinite Length and infinite Area, 
no leſs than Three ſeveral ſorts of infiuite So- 
lidity ; all of which are Quantitates ſui generis, 
having no more relation or proportion the onc 
to the other, than a Line to a Plane, or a 
Plane to a Solid, or a Finite to an Infinite: 
But that among themſelves, each of thoſe 
Species of Infinites are in given Proportions, 
is what I now intend to make plain, if poſ- 
ſible. 
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But firſt, infinite Length, or a Line infi- 
nitely long, is to be conſidered either as be- 
ginning at a Point, and ſo infinitely extended 
one way, or elſe both ways from the ſame 
Point; in which caſe the one, which is a be- 
ginning Infinity, is the one half of the whole, 
which is the Summ of the beginning and cea- 


ſing Infinity; or, as I may ſay, of Infinity, 


a parte ante and à parte poſt : Which is analo- 


gous to Eternity in time or duration, in which 


there is always as much to follow as is paſt, 
from any point or moment of Time: Nor 
doth the Addition or Subduction of finite 
Length or Space of time alter the caſe either 
in Infinity or Eternity, ſince both the one or 
the other cannot be any part of the whole. 

As to infinite Swface or Area, any right 
Line, infinitely extended both ways on 
an infinite Plane, does divide that infinite 
Plane into equal Parts; the one to the right, 
and the other to the left of the ſaid Line : But 
if from any Point in ſuch a Plane, two right 
Lines be infinitely extended, ſo as to make an 
Angle, the infinite Area, intercepted be- 
tween thoſe infinite right Lines, is to the 
whole infinite Plane, as the Arch of a Circle, 
on the Point of Concourſe of thoſe Lines, as a 
Centre, intercepted between the faid Lines, 
is to the Circumference' of the Circle ; or as 


the Degrees of the Angle to the 360 Degrees 


of a Circle. For Example, two right Lines 
meeting at a right Angle do include, on an 
infinite Plane, a quarter part of the whole in- 

finite Area of ſuch a Plane. I 
But if ſo be, two parallel infinite Lines be 
ſuppoſed drawn on ſuch an infinite Plain, the 
R 4 Arca 
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Area intercepted between them will be like- 
wiſe infinite; but at the ſame time will be in- 
finitely leſs, than that Space which is inter- 
cepted between two infinite Lines that are in- 
clined, tho' with never ſo. ſmall an Angle; 
for that in the one Caſe, the given finite di- 
ſtance of the parallel Lines diminiſhes the In- 
finity in one Degree of Dimenſion. ; whereas 
in a Sector, there is Infinity in both Dimen- 
ſions; and conſequently, the Quantities are 
the one infinitely greater than the other, and 
there is no proportion between them. 

From the ſame Conſideration ariſe the 
Three ſeveral Species of infinite Space or 
Solidity, as has been ſaid ; for a Parallelepi- 
pide, or a Cylinder, infinitely long, is grea- 
ter than any finite Magnitude how great ſoe- 
ver; and all fuch Solids ſuppoſed to he formed 
on given Baſes, are as thoſe Baſes, in propor- 
tion to one another. But if two of theſe 
three Dimenſions are wanting, as in the ſpace 
intercepted between two parallel Planes infi- 
nitely extended, and at a finite diſtance; or 
with infinite Length and Breadth, with a fi- 
nite Thickneſs ; All ſuch Solids ſha!l be as the 
given finite diſtances one to another: But theſe 
Quantities, tho* infinitely greater than the 
other, are yet infinitely leſs than any of thoſe, 
wherein all the three Dimenſions are infinite. 
Such are the Spaces intercepted between two 
inclined Planes infinitely - extended; thc 
Space intercepted by the Surface of a Cone, 
or the ſides of a Pyramid likewiſe infinitely 
continued, & c. of all which notwithſtanding. 
the Proportions one to another, and to the 
ro rd or vaſt Abyſs of infinite Space (wherc- 
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in is the Locus of all things that are or can be; 
or to the Solid of infinite Length, Breadth, 
and Thickneſs, taken all manner of ways) are 
eaſily aſſignable. For the Space between two 
Planes, is to the whole, as the Angle of thoſe 
Planes to the 360 Degrees of the Circle. As 
for Cones and Pyramids, they are as the Sphe- 
rical Surface, intercepted by them, is to the 
Surface of the Sphere; and therefore Cones 
are as the verſed Sines of half their Angles, 


to the Diameter of the Circle: Theſe three 


ſorts of infinite Quantity are analogous to 
a Line, Surface and Solid, and after the ſame 
manner cannot be compared, or have any pro- 
portion the one to the other. | 

Beſides theſe, there are ſeveral other Spe- 
cies of infinite Quantity, ariſing from the 
Contemplation of Curves, and their Aſym- 
ptotes; which, by reaſon of the difficulty of 
the Subject, cannot be made ſo plain to moſt 
Readers: But what has been already ſaid, 
may be ſufficient to evince what we under- 
took to explain. 
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An Account of Dr. Robert 

_  Hook's Invention of the Marine 
Barometer, with its Deſcription 

and _Uſes, "publiſhed by order 1 
be R. Society, by E. Halley, R 
SS 


Ince it was found that the Torrice lian ian Tube, 

| commonly called the Mercurial Barometer, 

7 the riſing and falling of the” ce 
therein, doth preſage the Changes of the Air, 
in relation to fair and foul Weather; upon 
ſeveral Vears obſervation of it, it has been 
proved and adjuſted for that purpoſe by Dr. 

Robert Hook; and there have been by him ma- 
ny attempts to improve the Inſtrument, and 
render the Minute Diviſions on the Scale 
thereof more ſenſible. He alſo judging that 
it might be of great uſe at Sea, contrived ſe- 
veral ways to make it ſerviceable on Board 
Ship; one of which he explained to the K. So- 
ciery at their weekly Meeting 1 in Greſham Cul- 
ledge, January 2. 1663. ſince which time he 
hath further cultivated the Invention, and 
ſome Years ago produced before the ſaid Soci- 
ety, the Inſtrument I am now to deſcribe, 
which for its ſubtilty and uſefulneſs, ſcemeth 
to 
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to ſurpaſs all other performances of the Uke 
Nature. | 
Till ſuch time as the Authors preſent In- 
diſpoſition will give him leave to beſtow free- 
ly his Thoughts on this Subje* upon the Pub- 
lick, it is the Opinion of the Society, that 
ſuch an account be given of this Contrivance, 
as may render it known, and recommend it 
to the Mariners uſe, for which it was princi- 
pally intended. | | 
The Mercurial Barometer requiring a per- 
pendicular, Poſture, and the Quick:ſilver vi- 
brating therein with great violence upon any 
Agitation, is therefore uncapable of being 
uſed at Sea (though it hath lately been con- 
trived to be made portable), ſo it remained 
to find out ſome other Principle, wherein the 
| Poſition. of the Inſtrument was not fo indiſ- 
| penſably neceſſary ; For this, all thoſe that 
uſe the Sea are obliged to the great facility 
| Dr. Hook has always ſhewn, in applying Phi- 
i loſophical Experiments to their proper uſes. 
It is about forty Years ſince, that the Ther- 
mometers Of Robt. de Flutibus, depending on 
the Dilatation andContraction of included Air 
by Heat and Cold, have been diſuſed, upon 
diſcovery that the Airs preſſure is uncqual ; 
that inequality mixing itſelf with the effects 
of the warmth of the Air in that Inſtrument. 
And inſtead thereof was ſubſtituted the ſeaPd 
Thermometer, including Spirit of Wine (firft 
brought into England, out of Italy, by Sir Ro- 
bert Southwell) as a proper Standard of the 
temper of the Air in relation to Heat and 
Cold; that therial Spirit being of all the 
known Liquors the moſt ſuſceptible of Dilata- 
tion 
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tion and Contraction, eſpecially with a mo- 
derate degree of either Heat or Cold. Now 
this being allowed as a Standard, and the o- 
ther Thermometer that includes Air being gra- 
duated with the ſame Diviſions, ſo as at the 
time when the Air was included, to agree with 
the Spirit - Thermometer in all the degrees of 
Heat and Cold, noting at the ſame time the 
preciſe height of the Mercury in the common 
Barometers: It will readily be underſtood, 
that whenſoever theſe two Thermometers ſhall 


agree, the preſſure of the Air is the ſame it 


was, when the Air was included and the In- 
ſtrument graduated : That if in the Air-Ther- 
mometer the Liquor ſtand higher than the Di- 
viſion marked thereon , correſponding. with 
that on the Spirit-glaſs, it is an indication 
that there is a greater preſſure of the Air at 
that time, than when the Inſtrument was gra- 
duated. And the contrary is to be concluded 
when the Air-glaſs ſtands lower than the Spi- 
rit, viz. that then the Air is ſo much lighter, 
and the Quick-ſilver in the ordinary Barometer 
lower than at the ſaid time of Graduation. 
And the ſpaces anſwering to an Inch of 
' Mercury will be more or leſs, according to the 
quantity of Air ſo included, and the ſmallneſs 
of the Glaſs Cane, in which the Liquors riſes 
and falls, and may be augmented almoſt in a- 
ny proportion, under that of the ſpeciſick 
Gravity of the Liquor of the. Thermometer to 
Mercury. So as to have a Foot or more for 
ha tack of Mercury, which is another great 
CONVENIENCE. / : 


It 
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It has been obſerved by ſome, that in lon 
keeping this Inſtrument, the Air included ei- 
ther finds a means to eſcape, or depoſites ſome 
Vapours mixt with it, or elſe for ſome other 
cauſe becomes Teſs Elaſtick, whereby, in pro- 
ceſs of time, it gives the height of the Mer- 
cury ſomewhat greater than it ought; but this, 
if it ſhould happen in ſome of them, hinders 
not the uſefulneſs thereof, for that it may at 
any time very eaſily be corrected by experi- 
ment, and the riſing and falling thereof are 
the things chiefly remarkable 1n it, the juſt 
height being barely a Curioſity. 
In theſe parts of the World, long experi- 
ence has told us, that the riſing of the Mer- 
cury forebodes fair Weather after foul, and an 
Eaſterly or Northerly Wind ; and that the 
falling thereof, on the contrary ſignifies South- | 
erly or Weſterly Winds, with Rain, or ſtor- 
my Winds, or both ; which latter itisof much 
more conſequence. to provide againſt at Sea 
than at Land; and in a Storm, the Mercury 
beginning to riſe is a ſure ſign that it begins | 
to abate, as has been experienced in high La- 
titudes both to the Northwards and South- 
wards of the Æquator. 
The Form of this Inſtrument is ſhown in 
the Cut by Tab. 4. Fig. 1. wherein, 1310. 
A B repreſents the Spirit- Thermometer, gra- 
duated from o, or the freezing Point, through 
all the poſſible degrees of the Heat or Cold 
of the Air, at leaſt in theſe Climates. 
CD is the Air-Thermometer, graduated af- 
ter the ſame manner with the like Degrees. 


EF 
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EF is a Plate applied to the ſide of the Ther- 
mometer CD, graduated into ſpaces anſwering 
to Inches and parts of an Inch of Mercury, 
in the common Barometers. 

8, a Hand ſtanding on the Plate at the 
height of the Mercury thereon, as it was when 
the Inſtrument was graduated, as ſuppoſe here 
at 29, Inches. | 
ILMa Wire on which the Plate EF flips 
up and down, parallel to the Cane of the Ther- 
mometer CD. 

E, any Point at which the Spirit ſtands at 
the time of obſervation; ſuppoſe at 38 
on the Spirit-Thermometer ; Slide the Plate 
EF till the Hand G ſtand at 38 on the Air- 
Thermometer, and if the Liquor therein ſtand 

t,33 likewiſe, then is the preſſure of the Air 
Wc ſame as at the time of Graduation, vix. 
29, 5; but if it ſtand higher, as at 3o,atl; 
then is the preſſure of the Air greater; and 
the divigon on the ſliding Plate againſt the 
Liquor, ſhews the preſent height of the Mer- 
cxry to be twenty nine Inches ſeven Tenths. 
And this may ſuffice as to the manner of uſing 
It. | 
I had one of theſe Barometers with me in 
my late Southern Voyage, and it never fail- 
ed to prognoſtick and give early notice of all 
the bad Weather we had, ſo that I depended 
thereon, and made proviſion accordingly ; 
and from py own experience I conclude, that 

a more uſeful contrivance hath not for this 
longtime been offered for the benefit of Na- 
vigation, ) | 


Theſe 
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Theſe Inſtruments are made according to the 
Direction of Dr. Hook, by Mr. Henr Hunt, 
Operator to the Royal Society, who will fur⸗ 


niſh any Gentlemen with them, and give them 
directions how to uſe them. | 
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A Diſcourſe concerning the Propor- 
tional Heat of the Sun in all La- 
titudes, with the Method of col- 


lecting the ſame, as it was read 
before the Royal Society in one of 
their late Meetings. By E. Hal- 
ley. : 


4 having lately ariſen ſome Diſcourſe 
About that part of the Heat of Wea- 
ther, ſimply produced by the Action of the 
Sun; and 1 having affirmed, that if that 
were conſidered, as the only Cauſe of the 
Heat of the Weather, I ſaw no reaſon, but 
that under the Pole the ſolſtitial Day oughr 
to be as hot as it is under the Æquinoctial, 
n the Sun comes vertical, or over the 
Zenith: For this reaſon, that for all the 24 
Hours of that Day under the Pole, the Sun's 
Beams are inclined to the Horizon, with an 
Angle of 234 Degrees; and under the Xqui- 
noctial, tho* he come vertical, yet he ſhincs 
no more than 12 Hours, and 1s again 12 
Hours abſent ; and that for 3 Honrs-8-Min. 
of that 12 Hours, he is not ſo much elevated 
as under the Pole; ſo that he is not 9 of the 
whole 24 higher than 'tis there, and is 15 
Hours lower. Now the ſimple Action of the 
Sun 1s, as all other Impulſes or Stroaks, more 

1 O 
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or leſs forceable, according to the Sinus of 
the Angle of Incidence, or to the Perpendi- 
cular let fall on the Plain, whence the verti- 
cal Ray (being that of the greateſt Heat) he- 
ing put Radius, the force of the Sun on the 
Horizontal Surface of the Earth will be to 
that, as the Sinus of the Sun's Altitude at any 
other time. This being allowed for true, it 
will then follow, that the time of the con- 
tinuance of the Sun's ſhining being taken for 
a Baſis, and the Sines of the Sun's Altitudes 
erected thereonas Perpendiculars, anda Curve 
drawn through the Extreamities of thoſe Per- 
pendiculars, the Area comprehended ſhall be 
proportionate to the Collection of the Heat 


of all the Beams of the Sun in that ſpace of 


time. Hence it will follow, that under the 
Pole the Collection of all the Heat of a tropi- 
cal Day, is proportionate to a Rectangle of 
the Sine of 233 gr. into 24 Hours or the Cir- 
cumference of a Circle; that is, the Sine of 
231 gr. being nearly 4 Tenths of Radius; as 
5, into 12 Hours. Or the Polar Heat is e- 
qual to that of the Sun containing 12 Hours 
above the Horizon, at 53 gr. height, than 
which the Sun is not 5 Hours more elevated 
under the Æquinoctial. 

But that this Matter may the better be un- 
derſtood, I have exemplied it by a Scheme 


(Tab. 4. Fg. 2.) wherein the Area Z G H H, ise- 
qual to the Area of all theSines of theSnn's Al- 


titude under the Æquinoctial, erected on the 
reſpective Hours from Sun- riſe to the Zenith; 
and the Areas HH is in the ſame por- 
portion to the Heat of the ſame 6 Hours un- 


wer the Pole on the Tropical Day; agd ; 
iin = 
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HH ©, is proportional to the collected Heat 
of 12 Hours, or half a Day under the Pole, 
which ſpace © H H © is viſibly greater than 
the other Area H G H, by as much as the 
Area HG © is greater than the Area Z G ©; 
which, that it is ſo, is viſible to ſight, by a 
great exceſs; and ſo much in proportion does 
the Heat of the 24 Hours Sun ſhine under the 
Pole, exceed that of the twelve Hours under 
the Æquinoctial: Whence, Ceteris paribus, it is 
reaſonable to conclude, that were the Sun 
rpetually under the Tropick, the Pole would 
D at leaſt as warm, as it is now under the 
Line itſelf. 1 
But whereas the Nature of Heat is to re- 
main in the Subject, after the Cauſe that heat- 
ed is removed, and particularly in the Air; 
under the Æquinoctial, the twelve Hours ab- 
ſence of the Sun does very little ſtill the Mo- 
tion impreſſed by the paſt Action of his Rays, 
wherein Heat conſiſts, before he ariſe again: 
But under the Pole the long abſence of the © 
for 6 Months, wherein the extreamity of 
Cold does obtain, has ſo chilled the Air, that 
it is as it were frozen, and cannot, before 
the Sun has got far towards it, be any way 
ſenſible of his preſence, his Beams being ob- 
ſtructed by thick Clouds, and perpetual Foggs 
and Miſts, and by that Atmoſphere of Cold, 
as the late Honourable Mr. Boy! was pleaſed 
to term ĩt, proceding from the everlaſting Ice, 
which in 1mmenſe Quantities does chill the 
Neighbouring; Air, and which the too ſoon 
retreat of the Sun leaves unthawed, to en- 
creaſe again, during the long Winter that fol- 
lows this ſhort interval of Summer, But the 
58 MAY differing 
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differing Degrees of Heat and Cold in differ- 
ing Places, depend in great meaſure upon the 
Accidents of the Neighbourhood of high 
Mountains, whoſe height exceedingly chills 
the Air brought by the Winds over them; and 
of the Nature of the Soil, which variouſly re- 
tains the Heat, particularly the Sandy, which 
in Africa, Arabia, and generally where ſuch - 
Sandy Deſarts are found, do make the Heat 
of the Summer incredible to thoſe that have 
5 © 4 | 

In the proſecution of this firſt Thought, I 
have ſolved the Problem generally, viz. to 
give the proportional Degree of Heat, or the 
ſum of all the Sines of the Sun's Altitude, 
while he is above the Horizon in any oblique 
Sphere, by reducing it to the finding of the 
Curve Surface of a Cylindrick Hoof, or of a 
given part thereof. 

Now thisProblem is not of that difficulty as 
appears at firſt ſight, for in Tab. 4. Fig. 3. let the 
Cylinder ABCD be cut obliquely with the El- 
lipſe BK Dl, and by the Center thereof H, de- 
ſcribe the Circle IKLM ; I fay, the Curve 
Surface IK LB is equal to the Rectangle of IK 
and BL, or of HK and 2 BL or BC: And if 
there be ſuppoſed another Circle, as NQPO, 
cutting the ſaid Ellipſe in the Points P, Q; 
draw PS, QR, parallel to the Cylinders Axe, 
till they meet with the aforeſaid Circle ILLM 
in the Points R, S, and draw the Lines RTS, 
QVP biſected in T and V. I fay again, that 
the Curve Surface RMSQDP is equal to the 
Rectangle of BL or MD and RS, or of 2 BL 
or AD and STor VP; and the Curve Surface 


NNFD is equal to RS x MD----the Arch 


82 NMS. 


| 
| 


Through the Point 4 draw the Line 4 5 7 par- 
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RMS .x SP, or the Arch MS x 2 SP: Or it is 
equal to the Surface RMSQDP, ſubſtracting 
the Surface RMSQNP. So likewiſe the Curve 
Surface QBPO is equal to the ſum of the Sur- 
face RMSQDP or RS x MD, and of the Sur- 
face RLSQOP, or the Arch LS x 2 SP. 

This is the moſt eaſily demonſtrated from 
the Conſideration, That the Cylindrick Sur- 
face IKLBis to the inſcribed Spherical Surface 
IKLE, either in the whole, or in its Analo- 
gous Parts, as the tangent BL is to the Arch 
EL, and from the Demonſtrations of Archi- 
me des de Sphera & Cylindro, Lib. 1. Prop. xxx. 
and xxxvi l. XXXI1x. which I ſhall not repeat 
here, but leave the Reader the pleaſure of 
examining it himſelf; nor will it be amiſs to 
conſult Dr. Barrow's Learned Lectures on that 
Book, Publiſhed at London, Anno, 1684, vix. 
Probl. ix. and the Corollaries thereof. 

Now to reduce our Caſe of the Sum of all 
the Sizes of the Sun's Altitude in a given De- 
clination and Latitude to the aforeſaid Pro- 
blem, let us conſider (Tab. 4. Fig. 4.) which is the 
Analemma projected on the Plain of the Meridi- 


an, Z the Zenith, P the Pole, HH the Hori- 


zon, & the Xquinoctial, S S, w the 
two Tropicks, > I the Se of the Meridian 
Altitude in ; and equal thereto, but per- 
pendicular to the Tropick, erect S 1, and 
draw the Line T + interſecting the Horizon 
in T, and the Hour Circle. of 6, in the Point 
4, and 6 4 ſhall be equal to 6R, or to the Sine 
of the Altitude at 6: And the like for any o- 
ther Point in the Tropick, erecting a Perpen- 
dicular thereat, terminated by the Line T 1 : 


allcl 


1 
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allel to the Tropick, and repreſenting a Cir- 
cle equal thereto ; then ſhall the Tropick S > 
in Hg. 4. anſwer to the Circle NOPQ, in 
Fig. 3. the Circle 457 ſhall anſwer the Circle 
IKLM, T 4 1 ſhall anſwer to the Elliptick 
Segment QIBKP, 6 R or 6 4 ſhall anfwer to 
SP, and 5 1 to BL, and the Arch Ss T, to 
the Arch LS, being the ſemidiurnal Arch in 
that Latitude and Declination; the Sine where- 
of, tho” not expreſſible in Eg. 3. muſt be von- 
oh as Analogous to the Line TS or UP in 
ip. 3. | 

The Relation between theſe two Figures be- 
ing well underſtood, it will follow from what 
precedes, That, the ſum of the Sines of the Me- 
ridian Altitudes of the Sun in the two Tropicks, 

(and the like for any two oppoſite Parallels) bein 
multiplied by the Sine of the ſemidinrnal 2 #4 
wilt give an Area Analogous to the Curve Sur/ace 
RMSODP,, and thereto adding in Summer, 
or ſuoſtratting in Winter, the Produit of the 
length of the ſemidiurnal Arch, (taken according 
to Van Ceulen's Numbers) into the difference of 
the above-ſaid Sines of the Meridian Altitude 
Tue ſum in one caſe and difference in another ſhall 
be as the Aggregate of all the Sines of the Sus 
Altitude, during his appearance above the Hori- 
Ton; and conſequently of all. his Heat and Action 
on the Plain of the Horizon in the propoſed Day. 
And this may alſo be extended to the parts 
of the ſame Day ; for if the aforeſaid Sum of 
the Sizes of the Meridian Altitudes, be mul- 
tiplied by half the ſum of the Simes of the Sun's 
Horary diſtance from Noon, when the Times 
are before and after Noon ; or by half their 
difference, when both are on the ſame ſide of 
33 the 
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the Meridian; and thereto in Summer, or 
therefrom in Winter, be added or ſubſtracted 
the Product of half the Arch anſwerable to 
the propoſed interval of Time, into the differ- 
ence of the Sines of Meridian Altitudes, the 
ſum in one caſe and difference in the other, ſhall 
be proportional to all the Action of the Sun 
4 that ſpace of time. 

I. fore-ſee it will be Objected, that I take 
the Radius of my Circle on which I erect my 
Perpendiculars always the ſame, whereas the 
Parallels of Declination are unequal; but to this 
I anſwer, that our ſaid Circular Baſes ought 
not to be Anologous to the Parallels, but to 
the Times of Revolution, which are equal in 
all of them. 

It may perhaps be uſeful to giveanExample 
of the Computation of this Rule, which may 
ſeem difficult to ſome. Let the Solſtitial Hear, 
in S and be required at London, Lat. 51 
3 2. 


380-2'8 Co- Lat. Diff. Aſeen. 330:-1˙1. 

23 -30 Decl. © Arc. Semidi. æſtiv. i 2311. 

Fi- Sinu— 5882674 Arc. Semi. yb. 58-49. S. 63 89 23 

14-58 Sinus = 223 8257 Arc. æſt iv. menſ. 2, 149955 
Summa 1,14093 1 Arc. Hb. menſura 991683 
Diff. 5624417 


Then 1, 140931 in „836923 4, 624417 in 2, 
14995 5=2, 29734. And 1, 140931 in 836929 
---,624417 in 991638 = 33895. 


So that 2, 29734 will be as the Tropical 
Summers Days Heat, and o, 33895 as the 
Action of the Sun in the Day of the Winter 


. Solltice. 


After 


an Eſtimate ma 
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After this manner I computed the following 
Table for every tenth Degree of Latitude, to 
the Æquinoctial and Tropical Sun, by which 


y be made of the intermediate 


Degrees. 

bs Wa n Fun m | Sun in | 

Lat. 7 = | _S —_ 
© | 20000 | 18341 | 18341 

10 19096 20290 | 15034 

| 20 Þ 18794 | 21737 | 13166 | 

30 | 17321 | 22651 | 10124 | 

|_4o_ | 15321 | 23048 | 6944 | 
5o | 12855 | 2299x | 3798 
6o | 10000 | 22773 | 1075 
70 | 6840 | 23543 000 
o | 3473 | 24673 | 000. 

| 90 | ooo00o | 25055 | ©OO | 


— 


Thoſe that deſire more of the Nature of 
this Problem, as to the Geometry thereof, 
would do well to compare the XIII. Prop. Cap. 
V. of the Learned Treatiſe, De Calculo Centri 
Gravitatis, by the Reverend Dr. Wallis, Pub- 
liſhed Anno. 1670. 

From this Rule there follow ſeveral Corol- 
laries worth Note: As I. That the Æquinocti- 
al Heat, when the Sun comes Vertical, is as 
twice the Square of Radius, which may be 
propoſed as a Standard to compare with in all 
other Caſes. II. That under the Æquinoctial, 
the Heat is as the Sine of the Sun's Declina- 
tion. III, That in the Frigid Zones when the 
Sun ſets not, the Heat is as the Circumfer- 

84 ence 
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ence of a Circle into the Sine of the Altitude 
at 6. And conſequently, that in the ſame 
Latitude theſe Aggregates of Warmth, are as 
the Sines of the Sun's Declinations ; and in the 
ſameDeclination of Sol, they are as the S:nes of 
the Lat., and generally they are as the Sine of 
the Lat. into the Sines of Declination. IV. That 
the Æquinoctial Days Heat is every where as 
the Co- ſine of the Latitude. V. In all places 
where the Sun ſets, the difference between 
the Summer and Winter Heats, when the De- 
clinations are contrary, is equal to a Circle 
into the Sine of the Altitude at ſix in the Sum- 
mer Parallel, and conſequently thoſe differ- 
ences are as the Sines of Latitude into, or mul- 
tiplied by the Srmes of Declination. VI. From 
the Table I have added, it appears, that the 
Tropical Sun under the Æquinoctial, has, of 
all others, the leaſt Force. Under the Pole 
it 1s greater than any other Days Heat what- 
ſoever, being to that of the Æquinoctial as 5 


to 4. 

8 the Table and theſe Coralleries may a 

general Indea be conceived of the ſum of all 
the Actions of the Sun in the whole Year, and 
that part of the Heat that ariſes ſimply from 
the Preſence of the Sun be brought to a Geo- 
metrical Certaigty : And if the like could be 
performed for Cold; which is ſomething elſe 
than the bare Abſence of the Sun, as appcars 
by many Inſtances, we might hope to bring 
what relates to this part of Aeteorology o 4 
perfect Theory. 
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Concerning the Diſtance of the fix'd 
Stars. By the Honourable Fran- 
cis Roberts, Eſq; S. R. S. 


H E Ancient Aſtronomers, who had no 

other way of computing the Diſtances 
of the Heavenly Bodies, but by their Parallax 
to the Semi- diameter of the Earth; and be- 
ing never able to diſcover any in the fix'd 
Stars, did from thence rightly enough infer, 
that their Diſtance was very great, and much 
exceeding that of the Planets, but could go 
no farther otherwiſe than by uncertain gueſs. 

Since the Pythagorean Syſtem of the World 
has been revived by Copernicus, (and now by 
all Mathematicians accepted for the true one) 
there ſeemed ground to imagine that the Dia- 
meter of the Earth's Annual Courſe (which, 
according to our beſt Aſtronomers, is at leaſt 
40000 times bigger than the Semi-diameter 
of the Earth) might give a ſenſible Parallax 
to the fix'd Stars, tho' the other could not, 
and thereby determine their Diſtance more 
preciſely. 

But though we have a Foundation to build 
on ſo vaſtly exceeding that of the Ancients, 
there are ſome Conſiderations may make us 
ſuſpect that even this is not large enough for 
our purpoſe, "8 


Nlonſieur 
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Monſieur Hugens (who is very exact in his 
| Aſtronomical Obſervations) tells us, he could 
never diſcover any viſible Magnitude in the 
fix d Stars, though he uſed Glaſſes which 
magnified the apparent Diameter above 100 
times. 

Now, ſince in all likelyhood the fix'd Stars 
are Suns, (perhaps of a different Magnitude) 
we may as a reaſonable Medium preſume 
| _ are generally about the bigneſs of our 

un 


Let us then (for Example) ſuppoſe the 
-Star to be ſo. The Diſtance from us to 
the Sun being about 100 times the Sun's Dia- 
meter (as is demonſtrable from the Sun's Dia- 
meter being 32 minutes) it is evident, that 
the Angle under which the Dog-Star is ſeen 
in Mr. Hugenss Teleſcope, muſt be near the 
ſame with the Angle of its Parallax to the 
Sun's Diſtance, or Semi-diameter of the 
Earth's Annual Courſe ; fo that the Parallax 
to the whole Diameter, can be but double 
ſuch a quantity, as even to Mr. Hugens's nice 
Obſervation is altogether inſenſible. 

The Diſtance therefore of the fixt Stars 
ſeems hardly within the reach of any of our 
Methods to determine; but from what has 
been laid down, we may draw ſome Conclu- 
ſions that will much illuſtrate the prodigious 
vaſtneſs of it. 

1. That the Diameter of the Earth's An- 
nual Orb (which contains at leaſt 160 millions 
of miles)is but as a Point in compariſon of it ; 
at leaſt it muſt be above 6000 times the Di- 
ſtance of the Sun: For if a Star ſhould ap- 
pear through the aforeſaid Teleſcope half a 

minute 
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minute broad (which is a pretty ſenſible Mag- 
nitude) the true apparent Diameter would 
not exceed 18 3d minutes, which is leſs than 
the 6ocoth 8 of the apparent Diameter of 
the Sun, and conſequently the Sun's Diſtance 
not the 600th part of the Diſtance of the 
Star. 

2. That could we advance towards the 
Stars 99 Parts of the whole Diſtance, and have 
only ee Part remaining, the Stars would ap- 
pear little bigger to us than they do here; 
for they would ſhew no otherwiſe than they 
do through a Teleſcope, which magnihes an 
Hundred-fold. 3 

3. That at leaſt Nine Parts in Ten of the 
Space between us and the fixed Stars, can re- 
ceive no greater Light from the Sun, or any 
of the Stars, than what we have from the Stars 
in a clear Night. 5 5 

4. That Light takes up more time in tra- 
velling fram the Stars to us, than we in ma- 
king a Meſt-India Voyage (which is ordinari- 
ly performed in ſix Weeks.) That a Sound 
would not arrive to us from thence in 5ooop 
Years, nor a Cannon-bullet in a much longer 
time, This is eaſily computed, by allowing 
(according to Mr. Nemton) Ten minutes for 
the Journey of Light from the Sun hither, and 
that a Sound moves about 1300 Foot in a 


Second. 
© 
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T he. Famous Mr. Iſaac Newton's ( 
| T heory of the Moon. 5 
g 
2 Theory which hath been long expected oP 
by all the true Lovers of Aſtronomy, was 5 
communicated from Mr. Nemton, to Dr. Gre- 0 
gory Aſtron. Profeſſor at Oxford, and by him 5 
publiſhed in his Aſtron. Elem. Philof. and Geo- 
met. p. 336. From whence, as it was lately Þ 
ron ares into Engliſh, I thought fit to inſert . 
It here. | : 
By this Theory, what by all Aſtronomers f 
was thought moſt difficult and almoſt impoſſi- 
ble to be done, the Excellent Mr. Nemton 
| hath now effected; viz. to determine the h 
Moon's Place even in her Quadratures, and 6 
all other Parts of her Orbit, beſides the Sy- - 
'zygys, ſo accurately by Calculation, that 57 q 
Difference between that and her true Place in tl 
the Heavens, ſhall ſcarce be two minutes, 
and is uſually ſo ſmall, that it may well e⸗ 18 
nough be reckon'd only as a Defect in the 8 
Obſervation. And this Mr. Newton experi- 
enced by comparing it with very many Places O 
of the Moon, obſerv'd by Mr. Hlamſteed, and R 
communicated to him., | 
The Royal Obſervatory at Greenwich, is to V 


the Weſt of the Meridian of Paris, 2 deg. 19 th 
min. Of Urainburgh, 12 deg. 51 min. 30 ſe- 
conds. And of Gedanum, 18 deg. 48 mi- 
nutes. 

The 
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The mean Motions of the Sun and Moon, 
accounted ſrom the Vernal Æquincx at the 
Meridian of Greenwich, I make to be as fol 
loweth. _ | 

The laſt Day of December 1680, at Noon, 
(Old Stile) the mean Motion of the Sun was 
9 Sign, 20 deg. 34 min. 46 ſeconds. Of the 
Sun's Apogeum, was 3 S. 7 deg. 23 min. 30 ſec. 

The mean Motion of the Moon at that 
time, was 6 S. 1 deg. 35 min. 45 ſeconds. And 
of her Apogee, 8 S. 4 deg. 28 min. 5 ſeconds. 
Of the aſcending Node of the Moon's Or- 
bit, 5 S. 24 deg. 14 min. 35 ſeconds, & c. 

And on the laſt Day of December, 1700. at 
Noon, the mean Motion of the Sun was 9 S. 
20 deg. 43 min. 50 ſeconds. Of the Sun's 
Apogee, 3 S. 7 deg. 44 min. 30 ſeconds. The 
mean Motion of the Moon was 10S. 15 deg. 
19 min. 50 ſeconds. Of the Moon's Apogee, 
11 S. 8 deg. 18 min. 20 ſeconds. And of 
her aſcending Node, 4 S. 27 deg. 24 min. 
20 ſeconds. For in 20 Fulian Years, or 7305 
Days, the Sun's Motion is 20 Revolut. o 8. 
o deg. 9 min. 4 ſeconds. And the Motion of 
the Sun's Apogee, 21 min. o ſeconds. 

The Motion of the Moon in the ſame time, 
is 247 Revolut. 4 S. 13 deg. 34 min. 5 ſe- 
conds. And the Motion of the Lunar Apo- 
pee, is 2 Revolut. 3 S. 3 deg. 50 min. 15 
ſeconds. And the Motion of her Node, 1 
Revolut. o S. 26 deg. 50 min. 15 feconds. 

All which Motions are accounted from the 
Vernal Equinox: Wherefore if from them 
there be ſubtracted the Receſſion or Motion 
of the Equinoctial Point, i» Antecedentia, du- 
ring that ſpace, which is 16 min. o ſec. _ 
WI 
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will remain the Motions in reference to the 
fix'd Stars in 20 Julian Years ; viz. the Sun's 
19 Revol. 11 S. 29 deg. 52 min. 24 ſeconds. 
Of his Apogee, 4 min. 20 ſeconds. And the 
Moon's 247 Revol. 4 S. 13 deg. 17 min. 25 
ſeconds. Of her Apogee, 2 Revol. 3 S. 3 deg, 
33 Min. 35 ſeconds. And of the Node of the 
Moon, 1 Revol. o S. 27 deg. 6 min. 55 ſe- 
conds. 
According to this Computation, the Tro- 
pical Tear is 365 Days, 5 Hours, 48 Minutes, 
57 Seconds. And the Sydereal Tear is 365 
Days, 6 Hours, 9 Minutes, 14 Seconds. 
heſe mean Motions of the Luminaries 
are affected with various Inequalities : Of 
which, 
. There are the Annual Equations of the 
aforeſaid mean Motions of the Sun and 
Moon, and of the Apogee and Node of the 
Moon. 
The Annual Equation of the mean Motion 
of the Sun, depends on the Eccentricity of 
the Earth's Orbit round the Sun, which is 
1614 of ſuch Parts, as that the Earth's mean 
Diſtance from the Sun ſhall be 1000; Whence 
tis called the Equation of the. Centre; and is, 
when greateſt, 1 deg. 56 min. 20 ſeconds. 
The greateſt Annual Equation of theMoon's 
mean Motion, is 11 deg. 49 ſeconds ; of her 
Apogee, 20 min. and of her Node, 9 minutes, 
30 ſeconds: . 1 | 
And [theſe four Annual Equations are 
| always, mutually proportional one to ano- 
ther: Wherefore when any of them is at 
the greateſt ,, the other three will alſo be 
| greateſt, and when any one leſſens, the # 
En | ther 
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ther three will alſo be diminiſhed in the ſame 
Ratio. | 

The Annual Equation of the Sun's Centre 
being given, the three other correſpending 
Annual Equations will be alſo given; and 
therefore a Table of that will ſerve for all. 
For if the Annual Equation of the Sun's Cen- 
tre be taken from thence, for any Time, and 
be called P, and let 1. PS Q, AT o Q= 


R, g PD, D % DSE, and D- 3. 


== 2 F; then ſhall the Annual Equation of 
the Moon's mean Motion for that time be R, 
that of the Apogee of the Moon will be E, 
and that of the Node F. 

Only obſerve here, That if the Equation of 
the Sun's Centre be required to be added; 
then the Equation of the Moon's mean Mo- 
tion muſt be ſubtracted, that of her Apogee 
muſt be added, and that of the Node ſub- 
ducted. And on the contrary, if the Equa- 
tion of the Sun's Centre were to be ſubducted, 
the Moon's Equation muſt be added, the E- 
quation of her Apogee ſubducted, and that 
of her Node added. | 

There is alſo an Equation of the Moon's mean 
Motion, depending on the Situation of her 
Apogee, in reſpect of the Sun; which is grea- 
teſt when the Moon's Apogee is in an Octant 
with the Sun, and is nothing at all when it is 
in the Quadratures or Syzygys. This Equa- 
tion, when greateſt, and the Sun in Perigæo, 
is 3 min. 56 ſeconds. But it the Sun be in 
Apogeo, it will never be above 3 minutes 34 
ſeconds At other Diſtances of the Sun from 
the Earth, this Equation, when greateſt, is 
reciprocally as the Cube of ſuch Diſtance. = 

| Wnen 


ä NS 
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when the Moon's Apogee is any where but in 
the Ofants, this Equation grows leſs, and is 
-moſtly at the ſame diſtance between the Earth 
and Sun, as the Sine of the double Diſtance 
of the Moon's Apogee, from the next Quadra- 
ture or Syzygy, to the Radius. 
ITzhis is to be added to the Moon's Motion, 
while her Apogee paſſes from a Quadrature 
with the Sun to a Syzygy; but this is to be 
ſubtracted from it, while the Apogee moves 
from the Syzygy to the Qnadrature. 

There is moreover another Equation of the 
Moon's Motion, which depends on the Aſpect 
of the Nodes of the Moon's Orbit with the 
Sun: And this is greateſt, when her Nodes 
are in Octants to the Sun, and vaniſhes quite, 
when they come to their Quadratures or Syzy- 
gys. This Equation is proportional to the 
Sine of the double Diſtance of the Node from 
the next Syzygy, or Quadrature; and at grea- 
teſt, is but 47 ſeconds. This muſt be added 
to the Moon's mean Motion, while the Nodes 
are paſſing from their Syzygys with the Sun, 
to their Quadratures with him; but ſubtracted 
while they paſs from the Quadratures to the 
Syzygys. 
From the Sun's true Place, take the equated 
mean Motion of the Lunar Apogee, as was 
above ſhew'd, the Remainder will be the An- 
nual Argument of the faid Apogee. From 
whence the Eccentricity of the Moon, and the 
:fecond Equation of her Apogee may be com- 
par'd after the manner following (which rakes 
place alſo in the Computation of any other inter- 
mediate Equations, | 


Let 
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Tab. 3. Eig. &. Let T repreſent the Earth, TS a 
Right Line joining the Earth and Sun, TAC B a 
Right Line drawn from the Earth to the mid- 
dle or mean Place of the Moon's Apogee, e- 
quated, as above: Let the Angle STA be 
the Annual Argument of the aforeſaid Apo- 
gee, T A the leaſt Eccentricity of the Moon's 
Orbit, TB the greateſt. Biſſect AB in G; 
and on the Centre C, with the Diſtance AC 
deſcribe a Circle A F B, and make the Angle 
BCF =to the double of the Annual Argu- 
ment. Draw the Right Line T E, that ſhall 
be the Eccentricity of the Moon's Orbit; and 
the Angle BT F, is the ſecond Equation of 
the Moon's Apogee required, 

In order to whoſe Determination, let the 
mean Diſtance of the Earth from the Moon, 
or the Semi-diameter of the Moon's Orbit, 
be 1000000 ; then ſhall its greateſt Eccentri- 
city TB be 66782 ſuch Parts; and the leaſt 
TA, 43319. So that the greateſt Equation 
of the Orbit, viz. when the Apogee is in the 
Syzygys, Will be 7 deg. 39 min. 30 ſeconds, 
or perhaps 7 deg. 40 min. (for I ſuſpect there 
will be ſome. Alteration, according to the 


Poſition of the Apogee in Cancer or __— " 


But when it is Quadrate to the Sun, the grea- 
teſt Equation aforeſaid will he 4 deg. 57 min. 
56 ſeconds; and the greateſt Equation of the 
Apogee, 12 deg. 15 min. 4 ſeconds, 

Having from theſe Principles made a Table 
of the Equation of the Moon's Apogee, and 
of the Eccentricities of her Orbit to each de- 
gree of the Annual Argument, from whence 
the Eccentricity T F, and the Angle BT F 
(viz, the ſecond and * Equation 5 
| the 
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the Apogee) may eaſily be had for any Time 
pn, pat let the Equation thus found be ad- 
ded to the firſt Equated Place of the Moon's 
Apogee, if the Annual Argument be leſs than 
9 degrees, or greater than 180 degrees, and 
lefs than 270; otherwiſe it muſt be ſubducted 
from it; and the Summ or Difference ſhall 
be the Place of the Lunar Apogee ſecondarily 
equated ; which being taken from the Moon's 
Place equated a third time, ſhall leave the 
mean Anomaly of the Moon correſponding 
to any given Time. Moreover, from this 
mean Anomaly of the Moon, and the before- 
found Eccentricity of her Orbit, may be 
found (by means of a Table of Equations of 
the Moons Centre made to every. degree of 
the mean Anomaly, and ſome Eccentricities, 
(vi2.45000,50000,55000,60000,and 65000)the 
Proſtaphereſis, or Equation of the Moon's Cen- 
tre, as in the common way: And this being 
taken from the former Semi-circle of the 
middle Anomaly, and added in the latter to 
the Moon's Place thus thrice equated, will 
produce the Place of the Moon a fourth time 
equated. | A 
The greateſt Variation of the Moon (vi. 
that which happens when the Moon is in an 
Octant with the Sun) is nearly, reciprocally 
as the Cube of the Diſtance of the Sun from 
the Earth. Let that be taken 37 min. 25 ſe- 
conds, when the Sun is in Perigeo, and 33 
min. 40 ſeconds, when he is in Apogeo And 
let the Differences of this Variation in the 
Octants be made reciprocally, as the Cubes of 
the Diſtances.of the, Sun from the Earth ; and 
ſo let a. Table be made of the aforeſaid Varia- 
ö 1 . © tion 
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tion of the Moon in her Octants (or its Lo- 
„ to every Tenth, Sixth, or Fifth 
gree of the mean Anomaly : And for the 
Variation out of the Octants, make, as Radi- 
us to the Sine of the double Diſtance of the 
Moon from the next Syzygy, or Quadrature 
: : ſo let the afore-found Variation in the 
Octant be to the Variation congruous to any 
other Aſpect; and this added to the Moon's 
Flace before found in the firſt and third Qua- 
drant (accounting from the Sun) or ſub- 
ducted from it in the ſecond and fourth, 
will give the Moon's Place equated a fifth 
time. 
Again, as Radius to the Sine of the Summ 
of the Diſtances of the Moon from the Sun, 
and of her Apogee from the Sun's Apogee (or 
the Sine of the Exceſs of that Summ above 
360 deg. ):: ſo is 2 min. 10 ſeconds, to a ſixth 
Equation of the Moon's Place, which muſt be 
ſubtracted, if the aforeſaid Summ or Exceſs 
be leſs than a Semi- circle; but added, if it 
be greater. Let it be made alſo, as Radius 
to the Sine of the Moon's diſtance from the 
Sun : : ſo 2 deg. 20 ſecants, to a ſeventh E- 
quation; which when the Moon's Light is in- 
creaſing, add; but when decreaſing, ſubtract; 
and the Moon's Place will be equated a ſe- 
ic ra time, and this is her Place in her proper 
Orbit. | 
Not here, the Equation thus produced by 
the mean Quantity 2 degrees, 20 ſeconds, is 
not always of the ſame magnitude; but is in- 
creaſed and diminiſhed, according to the Po- 
ſition of the Lunar Apogee. For if the 
Moon's Apogee be in Conjunction with the 
s os Sun's, 


ry 
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Sun's, the aforeſaid Equation is about 54. ſe- 
conds greater: But when the Apogees are in 
oppoſition, tis about as much leſs; and it 
heated between its greateſt Quantity 3 mi- 
nutes, 14 ſeconds, and its leaſt, 1 minute, 
26 ſeconds. And this is, when the Lunar A- 
pogee is in Conjunction, or Oppoſition with 
the Sun's : But in the Quadratures, the afore- 
faid Equation is to be leſſen'd about 50 ſe- 
conds, or one minute, when the Apogees of 
the Sun and Moon are in Conjunction; but if 
they are in Oppoſition, for want of a ſuffici- 
ent number of Obſervations, I cannot deter- 
mine, whether it is to be leſſen'd or increas'd. 
And even as to the Argument or Decrement 
of the Equation, 2 minutes, 20 ſeconds, a- 
bove mentioned, I dare determine nothing 
certain, for the ſame Reaſon, viz. the want 
of Obſervation accurately made. 

f the ſixth and ſeventh Equations are aug- 
mented or diminiſhed in a reciprocal Ratio of 
the diſtance of the Moon from the Earth ; 
. e. in a direct Ratio of the Moon's Horizon- 
tal Parallax, they will become more accurate: 
And this may be readily done, if Tables are 
firſt made to each minute of the ſaid Parallax, 
and to every ſixth or fifth degree of the Ar- 
gument of the ſixth Equation for the Sixth, 
as of the diſtance of the Moon from the Sun, 
for the Seventh Equation. 

From the Sun's Place, take the mean mo- 
tion of the Moon's aſcending Node, equated 
as above; the Remainder ſhall be the Annual 
Argument of the Node, whence its ſecond 
Equation may be computed after the follow- 
ing manner in the preceding Figure, — 

et 
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Let T, as before, repreſent the Earth; TS 
a Right Line, conjoining the Earth and Sun: 
Let alſo the Line TACB, be drawn to the 
Place of the aſcending Node of the Moon, as 
above equated ; and let STA be the Annual 
Argument of the Node. Take TA from a 
Scale, and letit beto AB:: as 56 to 3, or 
as 11; to 1. Then biſſet B A in C, and on 
C as a Centre, with the Diſtance C A, de- 
ſcribe a Circle as AF B, and make the Angle 
B CF, equal to double the Annual Argument 
of the Node before-found : So ſhall the Angle 
BT F, be the ſecond Equation of the aſcen- 
ding Node ; which muſt be added, when the 
Node is _ from the Quadrature to a Sy- 
Zygy with the Sun; and ſubdued, when the 
Node moves from a Syzygy towards a Qua- 
drature. By which means, the true Place of 
the Node of the Lunar Orbit will be gained: 
Whence from Tables made after the common 
way, the Moon's Latitude, and the Reduction of 
her Orbit to the Ecliptick, may be computed, 
. the Inclination of the Moon's Or- 
bit to the Ecliptick, to be 4 deg. 59 min. 
35 ſeconds, when the Nodes are in, Quadra- 
ture with the Sun ; and 5 deg. 17 min. 20 ſe- 
conds, when they are in the Syzygys. | 

And from the Longitude and Latitude thus 
found, and the given Obliquity of the * 
tick, 23 degrees, 29 minutes, to the Right 
Aſtenſion and Declination of the Moon will 
be found. 0 ; 

The Horizontal Parallax of the Moon, 
when, ſhe is in the Syzygys, at a mean diſtance 
from the Earth, I make to be 57 min. 30 ſe- 


conds ; and her Horary Motion, 33 min. 32 
| T 3 ſeconds, 
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ſeconds, 32 thirds.; and her apparent Dia- 
meter 31 min. 30 ſeconds. But in her Qua- 
dratures at a mean Diſtance from the Earth, 
I make the Horizontal Parallax of the. Moon 
to be 59 min. 40 ſeconds, her Horary Mo- 
tion 32 min. 12, ſeconds, 2 thirds, and her 
apparent Diameter, 31 min. 3 ſeconds. The 
Moon in an Octant to the Sun, and at a mean 
diſtance, hath her Centre diſtant from the 
Centre of the Earth about 60 3 of the Earth's 
Semi-diameters. . | | 

The Sun's Horizontal Parallax I make to 
be 10 ſeconds, and its apparent Diameter at 
a mean diſtance from the Farth, I make 32 
minutes, 15 ſeconds. > 

The Atmoſphere of the Earth, by diſper- 
ſing and refracting the Sun's Light, caſts a 
Shadow,as if it were an Opake Body, at leaſt 
to the height of 40 or 50 Geographical Miles 
(by a Geographical Mile, I mean the ſixtieth 
part. of a Degree of a great Circle, on the 
Earth's Surface.) This Shadow falling upon 
the Moon in a Lunar Eclipſe, makes the 
Earth's Shadow be the larger or broader. And 
to each Mile of the Earth's Atmoſphere, is 
correſpondent a Second in the Moon's Disk 
ſo that the Semi-diameter of the Earth's Sha- 
dow projected ppon the Disk of the Moon, is 
to be increaſed about 50 ſeconds: Or, which is 
all one, in a Lunar Eclipſe, the Horizontal 
Parallax of the Moon is to be increg ſed in the 
Ratio of about 70 to 6 e 

Thus far the Theory of this Incomparable 
Mathematician. And if we had many Places 
of the Moon accurately obſerved, 5 
about her Quadratures, and theſe we com 

| | pale 
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pared with her Places, at the ſame time cal- 
culated according to this Theory; it would 
then appear, whether there yet remain any 
other ſenſible Equations, which when accoun- 
ted for, might ſerve to improve and enlarge 
this Theory. 


. 
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1 


An Eſtimate of the Degrees of the 

Mi Mankind, + wn 
from curious Tables of the Births 
and Funerals at the City of Bre- 
ſlaw ; with an Attempt to aſcer- 
tain the Price of Annuities upon 


Lives. By Mr. E, Halley, 
R. S. §. 


1 Contemplation of the Mortality of 
Mankind, has beſides the Moral, its 
Phyſical and Political Uſes, both which have 
been ſome Years ſince moſt judiciouſly conſi- 
dered by the curious Sir Milliam Petty, in his 
Natural and Political Obſervations on the 
Bills of Mortality of London, owned by Cap- 
tain John Graunt : And fince in a like Trea- 
tiſe on the Bills of Mortality of Dublin. But 
the Deduction from thoſe Bills of Mortality 
ſeemed even to their Authors to be defective: 
Eirſt, In that the Number of the People was 
| wanting, Secondly, That the Apes of the 
People dying was not to be had. And Laſt- 
ly, That both London and Dublin, by reaſon 
of the great and caſual Acceſſion of Strangers 
who die therein, (as appeared in both, by 


the great Exceſs of the Funerals above the 
Births) rendred them incapable of being Stan- 
dards for this purpoſe ; which requires, if it 

N were 
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were poſſible, that the People, we treat of 
ſhould not at all be changed, but die where 
they were born, without any adventitious In- 
creaſe from Abroad, or Decay by Migration 
elſewhere. | 

This Defe& ſeems in a great meaſure to be 


ſatisfied by the late curious Tables of the 
Bills of Mortality at the City of Breſlaw, late- 
ly communicated to this Honourable Society 


by Mr. Juſtell, wherein both the Ages and 
Sexes of all that die are monthly delivered, 
and compared with the number of the Births, 
for Five Years laſt paſt, viz. 1687, 88, 89, 90, 


91, ſeeming to he done with all the Exact- 


neſs and Sincerity poſſible. 

This City of Breſlaw is the Capital City 
of the Province of Sileſia; or, as the Ger- 
mans call it, Schleſia, and is ſituated on the 
Weſtern Bank of the River Oder, anciently 
called Yiadrus, near the Confines of Germany 
and Poland, and very nigh the Latitude of 
London. It is very far from the Sea, and as 
much a Mediterranean Place as can be deſired, 


whence the Confluence of Strangers is but 


ſmall, and the Manufacture of Linnen employs 
chiefly the poor People of the Place, as well 
as of the Country round about; whence comes 
that ſort of Linnen we uſually call your Scleſie 
Linnen; which is the chief, if not the only 
Merchandize of the Place. For theſe Rea- 
ſons, the People of this City ſeem moſt pro- 
per for a Standard; and the rather, for that 
the Births do, a ſmall matter exceed the Fu- 
nerals. The only thing wanting, is the Num- 
ber of the whole People, which in ſome mea- 
ſure 1 have endeavour'd to ſupply, by the com- 

pariſon 
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pariſon of the Mortality of the People of all 
Ages, which I ſhall from the ſaid Bills trace 
out with all the Accuracy poſſible. 

It appears that in the Five Years men- 
tioned, viz. from $7 to 91 incluſive, there 
were boyn 6193 Perſons, and buried 5869 ; 
that is, born per Annum 1238, and buried 1174; 
whence an Increaſe of the People may be ar- 
gued of 64 per Annum, or of about a 20th 
part, which may perhaps be balanced by the 
Levies for the Emperor's Service in his Wars. 
But this being contingent, and the Births cer- 
tain, I will ſuppoſe the People of Breſlaw to 
to be increaſed by 1238 Births annually. Of 
theſe it appears by the ſame Tables, that 348 
do die yearly in the firſt Tear of their Age, and 
that but 890 do arrive at a full Tears Age; 
and likewiſe, that 198 do die in the Five 
Years between 1 and 6 compleat, taken at a 
Medium |; fo that but 692 of the Perſons born 
do ſurvive Six whole Tears. From this Aye 
the Infants being arrived at ſome degree of 
Firmneſs, grow leſs and leſs Mortal; and it 
appears, that of the whole People of Breſlaw 
there die yearly, as in the following Table, 
wherein the upper Line ſhews the Aye, and 
the next under it, the Number of Perſons of 
that Age dying yearly. 
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And where no Figure is placed over, it is 
to be underſtood of thoſe that die between 
the Ages of the precedent and conſequent 
Column. | | 

From this Table it is evident, that from 
the Age of to about 25, there does not die 
above 6 per Annum of each Age, which is much 
about 1 per Cent. of thoſe that are of thoſe A- 
ges: And whereas in the 14, 15, 16, 17 Tears, 
there appear to die much fewer, as 2 and 313 
yet that ſeems rather to be attributed to 
Chance, as are the other Irregularities in the 
Series of Ages, which would rectifie them- 
ſelves, were the number of Years much more 
conſiderable, as 20 inſtead of 5. And by our 
own Experience in Chriſt- Church Hoſpital, I 
am informed there die of the Touns Lads, much 
about 1 per Cent. per Annum, they being of the 
aforeſaid Aves, From 25 to 50, there ſeem to 
die from 7 to 8 and 9 per Annum of each Age; 

and after that to 70, they growing more cra- 
fie, though the number be much diminiſhed, 
yet the Mortality increaſes, and there are found 
to die 10 or 11 of each Age per Annum: From 
thence 
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thence the number of the Living being grown 
very ſmall, they gradually decline till there 
be none leſt to die; as may be ſeen at one 
View in the Table. | 

From theſe Conſiderations I have formed 
the adjoined Table, whoſe Uſes are manifold, 
and give a more juſt Idea of the State and Cun- 
dition of Mankind, than any thing yet extant 
that I know of. It exhibits the Number of 
People in the City of Breſlaw of all Ages, from 
the Birth to extreme Old Age, and thereby 
ſhews the Chances of Mortality at all Ages, 
and likewiſe how to make a certain Eſtimate 
of the Value of Annuities for Lives, which hi- 
therto has been only done by an imaginary 
Valuation : Alſo the Chances that there are 
that a Per ſon of any Age propoſed does live to 
any other Age given; with many more, as 
I ſhall hereafter ſhew. This Table does ſhew 
the Number of Perſons that are living in 
= Age current annexed thereto, as fol- 
oWs : 


Age. 


+ 
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Age. Fer- Age. Per- 885 fer- Age. er- Age. Per- Age. Per- Age. Perſons. 
Curt. ſons. Curt. ſſons. Qurt. ſons. Curt. Iſons. Curt. [ſons. Curt. |ſons. 
1 [rooo} 8 680] 15 | 628| 22 586 29 | 539] 36 | 48i} 3547 
3 | 798] 10 | 661] 17 | 616] 24 | 573] 31 | 523] 38 | 463] 2% 227 
4 | 760] 11 | 653] 18 | 610 25 | 567] 32 | 515] 39 | 454 28 3964 
5 | 732] 12 | 646] 19 { 604] 26 | 560] 33 | 507] 40 | 445] 35 3504 
6 | 710] 13 640 20 | 598] 27 | 553] 34 | 499} 41 436 3178 
7_| 692] 14 | 634] 21 | 592] 28 | 546| 35 49, 42 422 # 2799 
Age. |Per- |Age. |Per- |Age. {ſons. Age. Per- Age. Per- Age. per- 3 1 
Curt. ſons. Curt. (ſons. Curt. Per- Curt. ſſons. Curt. ſſons. Curt. ſons. = = 
43 417] 50 346] 57 272 64 202] 71 131] 78 | 58 77 * 
44 | 407] 51 | 335] 58 | 262 65 | 192] 72 120 79 49| 84 253 
45 | 397] 52 | 324) 59 | 252] 66 | 182] 73 | 109] 8 | 41/08 165 
46 | 387] 53 | 313] 60 | 242] 67 | 172] 74 98] 81 34 MILLA? 
47 | 377] 54 | 302] 61 | 232] 68 | 162] 75 88] 82 28 34000 
48 | 367} 55 | 292 62 | 222] 69 | 152] 76 78] 83 23 — 
49 1357, 56 | 2821 63 | 212] 70 142 77 | 68184 | 20| Sum Total. 


* <a 88 ”, —— 
32 _ ks _—_ — 2 — * 
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Thus it appears, that the whole People of 
Bre ſtam does conſiſt of 34000 Souls, being the 
Som Total of the Perſons of all Ages in the 
Table: The firſt uſe hereof is to ſhew the 
Proportion of Mer able to bear Arms in any 
Atultitude, which are thoſe, between 18 and 
56, rather than 16 and 60; the one being ge- 
nerally too weak to bear the Fatigues of War, 
and the Weight of Arms ; and the other too 
craſte and infirm from Ace, notwithſtanding 
particular Inſtances to the contrary. Under 
18 from the Table, are found in this City 
11997 Perſons, and 3950 above 56, which to- 
gether make 15947. So that the Relidue to 
34000 being 18053, are Perſons between thoſe 
Ages. At leaſt one half thereof are Males, 
or 9827: So that the whole Force this City 
can raiſe of Fencible Men, as the Scotch call 
them, is about ooo, or 33, or fomewhat 
more than a quarter of the Number of Souls, 
which may perhaps paſs for a Rule for all o- 
ther places. 

- The Second Uſe of this Table, is, to ſhew 
the differing: degrees of Mortality, or rather 
Vitality in all Ages; for it the number of Per- 
ſons of any Ace remaining after one Year, be 
divided by the difference between that and 
the number of the Age propoſed, it ſhews 
the odds that there is, that a' Perſon of that 
Age does not die in a Tear. As for Inſtance, 
a Perſon of 25 Tears of Age has the odds of 
58 to 7, or 80 to t, that he does not die in a 
Tear: Becauſe that of 567, living of 25 Years 
'of Age; there do die no more than 7 in a 
Tear, leaving 560 of 26 Years old. 


So 


— 
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So likewiſe for the odds, that any Perſon 
does not die before he attain any propoſed 
Age : Take the number of the remaining Per- 
| ſons of the Age propoſed, and divide it by the 
difference between it and the number of thoſe 
; of the Age of the Party propoſed; and that 
ſhews the odds there is between the Chances 
of the Party's living or dying. As for In- 
ſtance ; What is the odds that a Man of 40 
lives 7 Years : Take the number of Perſons of 
47 Years, which in the Table is 377, and ſub- 
tract it from the number of Perſons of 40 
Years, which is 445, and the difference is 68: 
Which ſhews that the Perſons dying in that 7 
Years,are 68; and that it is 377 to 68, or 5+ 
to 1, that a Man of 40 does live 7 Years. 
And the like for any other number of Tears. 

UVſe III. But if it be enquired at what num- 
ber of Years, it is an even Lay that a Perſon 
of any Age ſhall die, this Table readily per- 
forms it: For if the »umber of Perſons living 
of the Age propoſed, be halſed, it will be 
found by the Table at what Year the ſaid | * 
Number is reduced to half by Mortality; and 
that is the Age, to which it is an even Wa- 
ger, that a Perſon of the Age propoſed ſhall / 
arrive before he die. As for Inſtance; A Per- 
ſon of 3o Years of Age is propoſed, the num- 
ber of that Age is 531, the half thereof is 265, 
which number J find to be between 57 and 
58 Years; ſo that a Man of 30 may rea- 
ſonably expect to live between 27 and 28 
Years. | 

Uſe IV. By what has been ſaid, the Price 
of Infarance upon Lives ought to be regulated, 
and the difference is diſcovered between the 
9 ö 3 Price 
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Price of inſuring the Life of a Man of 20 and 
50. For Example; it being 100 to 1, that 
a Man of 20 dies not in a Year, and but 38 
to 1, for a Man of 50 Years of Age. h 
Uſe V. On this depends the Valuation of 
Annuities upon Lives ; for it is plain, that the 
Purchaſer ought to pay for only ſuch a part of 
the Value of the Annuity, as he has Chances 
that he is living; and this ought to be com- 
puted yearly, and the Sum of all thoſe yearly 
Values being added together, will amount to 
the Value of the Annuty for the Life of the 
Perſon propoſed. Now the preſent Value of 
Money payable after a Term of Years, at any 
iven Rate of Intereſt, either may be had 
m Tables already computed ; or almoſt as 
compendiouſly, by the Table of Logarithms : 
For the Arithmetical Complement of the 
Logarithm of Unity and its yearly Intereſt; 
(that is, of 1, os for Six per Cent. being 9, 
974694.) being multiplied by the number of 
Years propoſed, gives the preſent Value of 
One Pound payable after the end of ſo many 
Years. Then by the foregoing Propoſition, 
it will be as the number of Perſons living after 
that Term of Years, to the number dead; fo 
are the odds that any one Perſon is alive or 
dead. And by conſequence, as the Sum of 
both, or the number of Perſons living of the 
Age firſt propoſed, to the number remaining 
after ſo many Years, (both given by the Ta- 
ble) ſo the preſent Value of the yearly Sum 
payable after the Term propoſed, to the Sum 
which ought to be paid for the Chance the 
Perſon has to enjoy ſuch an Annuity after ſo 
many Years. And this being repeated for 
every 
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every Vear of the Perſon's Life, the Sum of 
all the preſent Values of thoſe Chances is the 
true Value of the Annuity. This will with- 
out doubt appear to be a moſt laborious Cal- 
culation ; but it being one of the principal 
Uſes of this Speculation, and having found 
ſome Compendia for the Work, I took the pains 
to compute the following Table, being the 
ſhort Reſult of a not ordinary number of A- 
rithmetical Operations: It ſhews the Value 
of Annuities for every Fifth Year of Age, to 
the Seventicth, as follows, 


[Age] Years Pur. [Age | Years Pur. [Age | Years Pur. 
1| 10,28 | 25] 12,27 0 9,21 
5| 13,49 | 30] 11,72 | 55] 8,5 
10 .135664 1.238] : 11,432. ..568 7,60 
4. 13,33 | 49 109,57 | 65] 6,54 
2 451 9,91 2 $32 | 


This ſhews the great Advantage of putting 
Money into the preſent Fund lately grant 
to Their Majeſties, giving 14 per Cent. per 
Annum, or at the Rate of 7 Years Purchaſe 
for a Life ; when young Lives, at the uſual 
Rate of Intereſt, are worth above 13 Years 
Purchaſe. It ſhews likewiſe the Advantage 
of young Lives over thoſe in Years; a Life of 


Ten Years being almoſt worth 133 Years Pur- 


chaſe, whereas one of 36 is worth but 11, 
Uſe V. Two Lives are likewiſe valuable by 
the ſame Rule ; for the number of Chances 
of each ſingle Life, found in the Table, be- 
ing multiplied together, become the Chances 


of the Two Lives. Tl after any certain 


Term 
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Term of Years, the Product of the two re- 
maining Sums is the Chances that both the 
Perſons are living. The Product af the two 
Differences, being the numbers of the Dead 
f both Ages, are the Chances that both the 
erſons are dead. And the two Products of 
the remaining Sums of the one Age multipli- 
ed by thoſe dead of the other, ſhew the Chan- 
ces that there are, that each Party ſurvives 
the other: Whence is derived the Rule to 
ſtimate the Value of the Remainder of one 
ife after another. Now as the Product of 
the Two Numbers in the Table for the Two 
Ages propoſed, is to the difference between 
that Product, and the Product of the two num- 
bers of Perſons deceaſed in any ſpace of time; 
ſo is the Value of a Sam of Money to be paid 
after ſo much time, to the Value thereof un- 
der the Contingency of Mortality. And as 
the aforeſaid Product of the two Numbers an- 
ſwering to the Ages propoſed, to the Pro- 
duct of the Deceaſed of one Age multiplied 
by thoſe remaining alive of the other; ſo 
the Value of a Sum of Money to be paid after 
any time propoſed, to the Value of the Chan- 
ces, that the one Party has that he ſurvives 
. the other, whoſe number of Deceaſed you 
made uſe of, in the ſecond Term of the Pro- 
ortion. This perhaps may be better under- 
ood, by putting N for the number of the 
younger Age, and » for that of the Elder; 
2, y. the Deceaſed of both Ages reſpectively, 
and KR, 7 for the Remainders; and R + Y 
MN and r + y = u. Then ſhall N be 
the whole Number of Chances; Na- Ty 
be the Chances that one of the two Perſons is 
living, 
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living, T) the Chances that they are both 
dead; R y the Chances that the elder Perſon 
is dead and the younger living; and v the 
Chances, that the elder is living and the 
younger dead. Thus two Perſons of 18 and 
35 are propoſed, and after 8 Years theſe 
Chances are required. The Numbers for 18 
and 35, are 610 and 490; and there are 50 
of the Firſt Age dead in 8 Years, and 73 of 
the Elder Age. There are in all 610 x 490, 
or 298900 Chances; of theſe there are 
50 x 73, Or 3650, that they are both dead. 
And as 298900, to 298900 — 36 50, or 295250: 
So is the preſent Value of a Sum of Money 
to be paid after 8 Vears, to the preſent Value 
of a Sum to be paid, if either of the two live. 
And as co x 73, ſo are the Chances that the 
Elder is dead leaving the Vounger; and as 
417 x50, ſo are the Chances that the Younger 
is dead, leaving the Elder. Wherefore as 
G10 x 490 to 56O x 73, ſo is the preſent Va- 
lue of a Sum to be paid at 8 Years end, to the 
Sum to be paid for the Chance of the Young- 
er's Survivance; and as 6 x 490 to 417 x 50, 
ſo is the ſame preſent Value to the Sum to 
be paid for the Chance of the Elder's Survi- 
Vance. 

This poſſibly may be yet better explained 
by expounding theſe Products by Rectangular 
Parallelograms, as in Fg. 7. wherein AB or 
CO repreſents the number of Perſons of the 
younger Age, and DE, BA thoſe remain- 
ing alive after a certain Term of Years; whence 
C E will anſwer the number of thoſe dead in 
that time: So AC, 3 D may repreſent the 
number of the glder Age; AF, BI the Survi- 
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vors after the ſame Term; and CF, DI, 
thoſe of that Age that are dead at that time. 
Then ſhall the whole Parallelogram A BCD 
be Nu, or the Product of the two Numbers 
of Perſons, repreſenting ſuch a number of 
Perſons of the two Ages given; and by what 
was ſaid before, after the Term propoſed, the 
Rectangle HD ſhall be as the number of 
Perſons of the younger Age that ſurvive, and 
the Rectangle AE as the number of thoſe 
that die. So likewiſe the Rectangles AJ, FD 
ſhall be as the Numbers, living and dead, of 
the other Age. Hence the Rectangle H 1 
ſha!l be as an equal number of both Ages ſur- 
viving. The Rectangle FE being the Pro- 
duct of the Deceaſed, or Ty, an equal num- 
ber of both dead. The Rectangle G D or Ry, 
a number living of the younger Age, and dead 
of the elder : And the Rectangle AG or v 
a number living of the elder Age, but dead 
of the younger. This being underſtood, it is 
obvious, that as the whole Rectangle A D or 
Nu is to the Gnomon FABDEG or Nu—Ty, 
ſo is the whole number of Perſons or Chances, 
to the number of Chances that one of the two 
Perſons is living: And as AD or N is to 
FE or T), ſo are all the Chances, to the 
Chances that both are dead ; whereby may be 
computed the Value of the Reverſion after 
both Lives. And as AD to GD or Ry, 
ſo the whole number of Chances, to the Chan- 
ces that the younger is living, and the other 
dead; whereby may be caſt up what Value 
ought to be paid for the Reverſion of one Life 
aftcr another, as in the Caſe of providing ſor 
Clergy-mens Widows, and others, by ſuch 
fey a Reverſions. 
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Reverſions. And as AD to AG, or, i 
are all the Chances, to thoſe that the elder 
ſurvives the younger. I have been the more 
particular, and perhaps tedious, in this Mat- 
ter, becauſe it is the Key to the Caſe of Three 
Lives, which of it ſelf would not have been 
ſo eaſie to comprehend. 

VII. If Three Lives are propoſed, to find 
the Value of an Annuity during the continu- 
ance of any of thoſe three Lives; the Rule 
is, As the Product of the continual Multiplica- 
tion of the Three Numbers, in the Table, anſwer- 
ing to the Ages propoſed, is to the difference of 
that Product, and of the Product of the Three 
Numbers of the Deceaſed of thoſe Apes, in any 
given Term of Tears : So is the preſent Value of 4 
Sum of Money, to be paid certainly after ſo man 
Tears, to the preſent Value of the ſame Sum to he 
paid, provided one of thoſe Three Perſons be living 
at the Expiration of that Term, Which Pro- 
portion being yearly repeated, the Sum of all 
thoſe preſent Values will be the Value of an 
Annuity granted for three ſuch Lives. But 
to explain this, together with all the Caſes of 
Survivance in Three Lives: Let N be the 
Number in the Table for the younger Age, 
for the ſecond, and » for the elder Age; 
let I be thoſe dead of the younger Age in the 
Term propoſed, y thoſe dead of the ſecond 
Age, andy thoſe of the elder Age; and let R 
be the Remainder of the younger Age, r that 
of the middle Age, and e the Remainder of 
the elder Age. Then ſhall R I be equal to 
N, y ton, and e u toy, and the conti- 
nual Product of the three Numbers Nu. 
ſhall be equal to the continual Product 

U 3 
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RFT xy Re ru, which being the whole 
Number of Chances for three Lives, is com- 
pounded of the eight Products following. 
(1) R re, which is the Number of Chances 
that all three of the Perſons are living. 
(2) re T, which is the Number of Chances 
that the two elder Perſons are living, and 
the younger dead. (3) Rey the Number 
of Chances that the middle Age is dead, and 
the younger and elder living. (4) Rr be- 
ing the Chances that the two younger are 
living, and the elder dead. (e ry the 
Chances that the two younger are dead, and 
the elder living, (6) rY v the Chances that 
the younger and elder are dead, and the mid- 
dle Age living. (5) Ryu, which are the 
Chances that the younger is living, and the 
two other dead. And Laſtly and Eighthly, 
Y y v, which are the Chances that all three are 
dead. Which latter ſubtracted from the 
whole Number of Chances Nu, leaves 
N n%—Y y v the Sum of all the other ſeven 
Products; in all of which one or more of the 
three Perſons are ſurviving. 

To make this yer more evident, I have ad- 
ded Fig. 8. wherein theſe eight ſeveral Pro- 
ducts are at one view exhibited. Let the 
rectangled Parallelepipedon ABCDEFG H 
be conſtituted of the ſides AB, G H, &c. 
proportional to N the Number of the youn- 
ger Age; AC, B D,&c. proportional to ; 
and AG, CE, &c. proportional to the Num- 
ber of the elder, ory. And the whole Para! 
lelepipedon ſhall be as the Product N 7 y, or 
our whole Number of Chances. Let B be 
as R, and AP asY; let CL be as v, and J. 


- yy A LG As Cc _ Sd and 
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377 and N as e, and NA as o; and let 


the Plain P Re a be made parallel to the Plain 
Ac E; the Plain NVbr parallel to ABCD; 
and the Plain L YT © parallel to the Plain 
AB GH. And our firſt Product Rr e ſhall 
be as the Solid STWTF Zeb. The Second, 
or rer will be as the Solid ET Ze SA. 
The Third, Xe y, as the Solid R HOY VISIT. 
And the Fourth, &r u, as the Solid Z a DH AIX. 
Fifthly, e Ty, as the Solid G ORSTAA NO. 
Sixthly, „ Tu, as IKLAGYZ A. Seventhly, 
Ryv, as the Solid IXPOBXYW, And 


Laſtly, AIXLMNOP will be as the Pro- 


duct of the 3 Numbers of Perſons: dead, or 
TY y v. I ſhall not "ply this in all the Caſes 
thereof for brevity-ſake z only to ſhew in one 
how all the reſt may be performed, let it be 
demandcd what is the Value of the Reverſion 
of the younger Life after the two elder pro- 
poſed. The Proportion is as the Whole Num- 
ber of Chances, or Nu to the Product 
Ey v; ſol is the certain preſent Value of the 


Sum payable after any Term propoſed, to the 


Value due to ſuch Chances as the younger 
Perſon has to bury both the elder, by the 
Term propoſed; which therefore he is to pay 
for. Here it is to be noted, that the firſt 
Term of all theſe. Proportions is the ſame 
throughout, viz. Nu. The ſecond, chang- 
ing yearly according to the Decreaßſ of 
R, r, e, and Increaſe of I, y,v. ; And:ithenhird 
are ſucceſlively the. pteſent. Values of; Money 
payable after one, two, three, Gr; years, a0# 
cording to the Rate bf latexelt agreed on. 
Theſe Numbers, which are 7 all Caſes, of 
Annuities of neceſſary Uſe, J have put into 
U 4 the 
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the following Table, they being the Decimal 
Values of one Pound payable after the Num- 


ber of Vears in the Margent, at the Rate of 
6 per Cent. 


Vears. Pre. Va- VWears. Preſ. Va- V ears. [Pre Va- 
lue of 1 I. lue of 1 1. lue of 1 1. 
1 09,9434 | 19 0,3305 | 37 [o,1158 
2 P, 8900 | 20 0,3118 | 38 ſo, 1092 
3 Jo, 8396 21 0,2941 | 39 ſo, 1031 
4 0,7921 1 22 04,2775 | 49 [0,0972 * 
5 [97473 | 23 0,2618 | 45 ſo, 726 
6 j©,7050 | 24 00,2470 | 5o 0,0543 
7 [0,6650 | 25 04,2330 | 55 [0,0406 
8 [10,6274 | 26 o, 2198 60 10,0303 
9 Jo, 5919 27 , 2074 | 65 ]0,0227 
2 
I 
2 


0,5584 | 28 04,1956 | 70 ]o,0169 
0,5268 | 29 0,1845 7 5 [0,0126 
0,4970 | 30 P, 1241 [80 Jo,0094. 
13 0,458 | 31 1 85 o, 071 
14 o, 4423 32 o, 1550 | 90 10,0053 
15 10,4173 | 33 6,1462 | 95 Po, 039 
16 10,3936] 34 p, 1379 100 [0,0029 
17 10,3714 | 35 91355 


18 83183138 21227 

It were needleſs to advertiſe, that the great 
trouble of working ſo many Proportions will 
be very much alleviated by uſing Logarithhs; 
and that inſtead of uſing NY Ty for the 
ſecond Term of the Proportion in finding the 
Value of Three Lives, it may ſuffice to uſe 
only Ty, and then deducting the fourth 
Term ſo found out of the third, the e 
| | er 


—— 
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der ſhall be the preſent Value ſought ; of all 
theſe fourth Terms being added together,and 
deducted out of the Value of the certain Annui- 
ty for ſo many Vears, will leave the Value of 
the contingent Annuity upon the Chance of 
Mortality of all thoſe Three Lives. For Ex- 
ample ; Let there be Three Lives of 10, 30, 


and 40 Years of Age propoſed, and the Pro- 
portions will be thus; 


As 661 in 531 in 445 or 156190995, or Vn, 
to 8 in 8 in 9, or576,0r T y » for the firſt 
Year, ſo 0,9434- to 0,00000348. 
To 15 in 16 in 18, or 4320, for the ſecond 
Year, ſo o, 8900. to 0,00002462. 
To 21 in 24 in 28, or 14112 for the third 
Year, ſo o, 8396. to 0,00008128. 
To 27 in 32 in 38, for the fourth Year, fo 
0,7921. to 0,00016650. 
To 33 in 41 in 48, for the fifth Year, ſo 
0,7473+ to o, ooo3 1071. 
To 39 in 50 in 58, for the ſixth Year, ſo 
o, 705; o. to o, oo05 1051. 


And ſo forth to the Soth Year, when we 
ſuppoſe the elder Life of Forty certainly to 
be expired; from whence *till Seventy we 
muſt compute for the Firſt and Second only, 
and from thence to Ninety for the fingle 
youngeſt Life. Then the Sum Total of all 
theſe Fourth Proportionals being taken our 
of the Value of a certain Annuity for 90 Years, 
being 16, 58 Years Purchaſe, ſhall leave the 
juſt Value to be paid for an Annuity during 
the whole Term of the Lives of Three Per- 


ſons of the Ages propoſed. And note, that it 
Will 
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will not be neceſſary to compute for every 
Year ſingly; but that in moſt Caſes every 4th 
or 5th Year may ſuffice, interpoling for the 
intermediate Years ſecundum artem. St 

It may be objected, that the different Salu- 
brity of Places does hinder this Propofal from 
being aniverſal; nor can it be denied. But 
by the Number that die, being 1174. per An- 
uum in 34000, it does appear that about a 
zoth part die yearly, as Sir Milliam Petty has 
computed for London; and the Number that 
die in Infancy, is a good Argument that the 
Air is but indifferently ſalubrious. So that by 
what I can learn, there cannot perhaps be one 
better Place. propoſed for a Standard. At 
leaſt *tis defired, that in imitation hereof the 
Curious in other Cities would attempt ſome- 
thing of the ſame Nature, than which nothing 
perhaps can be more uſeful. 

Were this Calculus founded on the Expe- 
rience of a very great number of Years, it 
would be very well worth the while to think 
of Methods for facilitating: the Computation 
of the Value of two, three, or more Lives ; 
which, as propoſed in my former, ſeems (as ! 
am inform'd) a Work of too much Diſiculty 
for the ordinary Arithmetician to undertake. 

I have Gught, if it were poſſible, to find a 
Theorem that might be more conciſe than 
the Rules there laid down, but in vain; for 
all that can be done to expedite it, is, by Ta- 
bles of Logarithms ready computed, ro exhibit 
the Rationes of N to T in each fingle Life, 
for every third, fourth, or fifth Year of Age, 
as - occaſion ſhall require; and theſe Loga- 


rithms being added to the Logarithms of the 
* preſent 
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preſent Value of Money payable after ſo ma- 
ny Vears, will give a Series of Numbers, the 
Sum of which will ſnew the Value of the An- 
nuity ſought. However for each Number of 
this Series, two Logarithms for a ſingle Life, 
three for two Lives, and four for three Lives, 
muſt neceſſarily be added together. If you 
think the Matter, under the Uncertainties 
I have mentioned, to deſerve it, I ſhall ſhort- 
ly give you ſuch a Table of Logarithms, as I 
ſpeak of and an Example or two of the uſe 
thereof: But by Vulgar Arithmetick, the La- 
bour of theſe Numbers were immenſe; and 
nothing will more recommend the uſeful In- 
vention of Logarithms to all Lovers of Num- 
bers, than the advantage of Diſpatch in this 
and ſuch hke Computations. 

Beſides the Uſes mentioned, it may per- 
haps not be an unacceptable thing to 
infer from the ſame Tables, how unjuſtly 
we repine at the ſhortneſs of our Lives, and 
think our ſelves wronged if we attain not old 
Age; whereas it appears hereby, that the one 
half of thoſe that are horn are dead in Seven- | 
teen Years time, 1238 being in that time re- 
duced to $16. 'So that inſtead of murmuring 
at what we call an untimely Death, we ought 
with Patience and Unconcern to ſubmit to 
that Diſſolution which 1s the neceſſary Condi- | 
tion of our periſhable Materials, and of our 
nice and frail Structure and Compoſition :-/ 
And to account it as a Bleſſing that we have 
ſurvived, perhaps by many Years, that Period 
of Life, whereat the one half of the whole 
Race of Mankind does not arrive. 


A 
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A ſecond Obſervation I make upon the ſaid 
Table, is that the Growth and Increaſe of 
Mankind is not ſo much ſtinted by any thing 
in the Nature of the Species, as it is from the 
cautious difficulty moſt People make to adven- 
ture on the State of Marriage, from the Pro- 
ſpect of the Trouble and Charge of providing 

ra Family. Nor are the poorer ſort of Peo- 
ple herein to be blamed, ſince their difficulty 
of ſubſiſting is occaſion'd by the unequal Di- 
ſtribution of Poſſeſſions, all being neceſſarily 
fed from the Earth, of which yet ſo few arc 
Maſters. So that beſides themſelves and Fa- 
milies, they are yet to work for thoſe who 
own the Ground that feeds them : And of 
ſuch does by very much the greater part of 
Mankind conſiſt ; otherwiſe it is plain, that 
there might well be four times as many Births 
as we now find. For by Computation from 
the Table, I find that there are nearly 15000 
Perſons above 16 and under 45, of which at 

' leaſt 7000 are Women capable to bear Chil- 
dren. Of theſe notwithſtanding there are but 
1238 born yearly, which is but little more 
than a ſixth part: So that about one in fix of 
, theſe Women do breed yearly ; whereas were 
| they all married, it would not appear ſtrange 
or unlikely, that four of ſix ſhould bring a 
Child every Year. The Political Conſequen- 
ces hereof I ſhall not inſiſt on; only the 
Strength and Glory of a King being in the 
multitude of his Subjects, I ſhall only hiar, 
that above all things, Celibacy ought to be 
diſcouraged, as, by extraordinary Taxing and 
Mulitary Service : And thoſe who have nu- 
merous Families of Children to be conntc- 
nanced 
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nanced and encouraged by ſuch Laws as the 
Jus trium Liberorum among the Romans. But 
eſpecially, by an effectual Care to provide for 
the Subſiſtence of the Poor, by finding them 

Employments, whereby they may earn their 


_ without being chargeable to the Pub- 
ck. 
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Diſcour ſe concerning Gravity, and 
ite Properties, wherem the Deſ- 
cent of Heavy Bodies, and the 
Motion of Projects 1s briefly, but 
fully handled : T ogether with the 
Solution of a Problem of great 


Uſe in Gunnery. By E. Halley. 


TATURE amidſt the great Variety of 
Problems, wherewith She exerciſes the 
Wits of Philoſophical Men, ſcarce affords any 
one wherein the Effect is more viſible, and the 
Cauſe more concealed, than in thoſe of the 
Phenomena of Gravity. Before we can go 
alone, we muſt learn to defend our ſelves from 
the violence of its Impulſe, by not truſting 
the Center of Gravity of our Bodies beyond our 
reach ; and yet the acuteſt Philoſophers, and 
the ſubtileſt Enquirers into the Original of 
this Motion, have been ſo far from ſatisfying 
their Readers, that they themſelyes ſeem lit- 
tle to have underſtood the Conſequences of 
their own Hypetheſes. | 

Des Cartes his Notion, I muſt needs confeſs 
to be to me incomprehenſible, while he will 
have the Particles of his Celeſtial Matter, by 
being reflected on the Surface of the Earth, 
and ſo aſcending therefrom, to drive down 


into their Places thoſe Terreſtrial Bodies * 
n 
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find above them: This 1s as near as I can ga- 
ther, the Scope of the 20, 21, 22, and 23 Se- 
Hons of the laſt Book of his Principia Philoſo- 
phiæ; yet neither he, nor any of his Follow- 
ers, can ſhew how a Body ſuſpended in Libero 
e/Ethere,ſhall be carried downwards by a conti- 
nual Impulſe tending upwards, and acting u 
on all its Parts equally : And beſides the O 
ſcurity wherewith he expreſſes himſelf parti- 
cularly, Sect. 23. does ſuſſiciently argue ac- 
cording to his own Rules, the confuſed Idea 
he had of the thing he wrote. 

Others, and among them Dr. Voſſius, al- 
ſert the Cauſe of the Deſcent of heavy Bodies, 
to be the Diurnal Rotation of the Earth upon 
its Axis, without conſidering, that according 
to the Doctrine of Motion fortified with De- 
monſtration, all Bodies moved in Circulo, would 
recede from the Center of their Motion; 
whereby the contrary to Gravity would fol- 
low, and all looſe Bodies would be caſt into 
the Air in a Tangent to the Parallel of Latitude, 
without the intervention of ſome other Prin- 
ciple to keep them faſt, ſuch as is that of Gra- 
vity. Belides, the Effect of this Principle is 
throughout the whole Surface of the Globe 
found nearly equal; and certain Experiments 
have proved it rather leſs near the AÆqui- 
nottial, than towards the Poles ; which could 
not be by any means, if the Diurnal Rotation 


of the Earth upon its Axis were the Cauſe of 


Gravity ;, for where the Motion was ſwifteſt, 
the Effect would be moſt conſiderable. 
Others aſſign the Preſſure of the Atmoſphere, 
to be the Cauſe of this Tendency towards the 
Center of the Earth ; but unhappily they have 
. miſtaken 
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miſtaken the Cauſe for the Effect; it being 
from undoubted Principles plain, that the At- 
moſphere has no other Preſſure but what it de- 
rives from its Gravity; and that the Weight 
of the upper Parts of the Air, preſſing on the 
lower Parts thereof, do ſo far bend the Springs 
of that Elaſtick, Body, as to give it a Force e- 
qual to the Weight that compreſs'd it, hav- 
ing of it ſelf no force at all : And ſuppoſing it 
had, it will be very hard to explain the Mo- 
dus, how that Preſſure ſhould occaſion the 
Deſcent of a Body circumſcribed by it, and 
preſſed equally above and below, without ſome 
other Force to draw, or thruſt it downwards. 
But to demonſtrate the contrary of this Opi- 
nion, an Experiment was long fince ſhewn be- 
fore the Royal Society, whereby it appeared, 
that the Atmoſphere was ſo far from being the 
Cauſe of Gravity, that the Effects thereof were 
much more vigorous,where the Preſſure of the 
Atmoſphere was taken off; for a long Glaſs- 
Receiver having a light Down-feather incln- 
ded, being evacuated of Air, the Feather, 
which in the Air would hardly ſink, did in va- 
cuo deſcend with nearly the ſame Velocity, as if 
it had been a Stone. 

Some think to illuſtrate this Deſcent of 
Heavy Bodies, by comparing it with the Ver- 
tue of the Loadſtone; but ſetting aſide the 
difference there-is in the manner of their 
Attractions, the Loadſtone drawing only in 
and about its Poles, and the Earth near e- 
qually in all Parts of its Surface, this Compa- 
riſon avails no more than to explain zgnorum 
per æque ig not um. 


Others 
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Others aſſign a certain S mpathetical Attra- 
ion between the Earth and its Parts, where- 
by they have, as it were, a defire to be uni- 
ted, to be the Cauſe we enquire after: But 
this is ſo far from explaining the Modus, that 
it is little more, than to tell us in other 
Terms, that Heavy Bodies deſcend, becauſe 
they deſcend. 

This, I ſay, not that I can pretend to ſubs 
ſtitute any Solution of this Important Philo- 
ſophical Problem, that ſhall more happily ex- 
plicate the Appearances of Gravity ; only it 
may be ſerviceable to thoſe with whom the 
Credit of great Authors ſways much, and who 
too readily aſſent in Verba Magiſtri, to let them 
ſee that their Books ate not always infallible : 
Beſides, the detection of Errors is the firſt. 
and ſureſt Step towards the diſcovery of 
Truth. 

Tho? the efficient Cauſe of Gravity be ſo 
obſcure, yet the final Cauſe thereof is clear 
enough ; for it is by this ſingle Principle, that 
the Earth and all the Celeſtial Bodies are kept 
from Diffolution ; the leaſt of their Particles not 
being ſuffer d to recede far from their Surfa- 
ces, Without being immediately brought down 
again by virtue of this Natural Tendency; 
which, for their Preſervation, the Infinite 
Wiſdom: of their Creator has ordained to be 
towards each of their Centers; nor can the 
Globes of the Sun and Planets otherwiſe be de- 
ſtroy'd,' but by taking from them this Power 
of keeping their Parts united. 

The Affections or Properties of Gravity, and 

its manner of acting upon Bodies falling, have 

deen in a great meaſure diſcovered, and 
X 0 
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of them made out by Mathematical Demonſtra- 
tion in this our Century, by the accurate dili- 
gence of Galilews, Torricellics, Hugenius, and 
others, and now lately by our worthy Country- 
man, Mr. 1/aac Newton,which Properties it may 
be very material here to enumerate, that they 
may ſerve for a Foundation to all thoſe that 
ſhall be willing to ſpend their Thoughts in 
— of the true Cauſe of this Deſcent of 
Ode. ; 


The firſt Property is, That by this Princi- 
ple of Gravitation, all Bodies do deſcend to- 
wards a Point, which either is, or elſe is ve- 
ry near to the Center of Magnitude of the 
Earth and Sea, about which the Sea forms it 
ſelf exactly into a Spherical Surface, and the 
Prominences of the Land, conſidering the Bulk 
— the whole, differ but inſenſibly there- 
rom. 


Secondly, That this Point or Center of Gra- 
vitat ion, is fix d within the Earth, or at leaſt 
has been ſo, ever ſince we have any Aut hen- 
rick, Hiſtory: For a Conſequence of its Change, 
tho? never ſo little, would be the over-flow- 
ing of the low Lands on that ſide of the 
Globe towards which it approached, and the 
leaving new Iſlands bare on the oppoſite fide, 
from which it receded; but for this Two 
thouſand Years it appears, that the low Iſlands 
of the Mediterranean Sea (near to which the 
ancienteſt Writers lived) have continued much 
at the ſame height above the Water, as they 
now are found; and no [rundations or Receſſes 


of the Sea arguing any ſuch Change, are re- 
corded 
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corded in Hiſtory; excepting the Univerſal 
Deluge, which can no better way be accoun- 
ted for, than by ſuppoſing this Center of Gra- 
vit ation removed for a time, towards the mid - 
dle of the then inhabited Parts of the World; 
and a change of its Place, hut the two thou- 
ſandth Part of the Radius of this Globe, were 
ſufficient to bury the Tops of the higheſt Hills 
under Water, | 3 
Thirdly, That in all Parts of the Surface of 
the Earth, or rather in all Points equidiſtant 
from its Center, the Force of Gravity is nearly 
equal; ſo that the length of the Pendulum vis 
brating Seconds of Time, is found in all Parts 
of the World to be very near the ſame. *Tis 
true at S. Helena, in the Latitude of 16 De- 
grees South, I found that the Pendulum of my 
Clock, which vibrated Seconds, needed to be 
made ſhorter than it had been in England, by 
a very ſenſible Space (but which at that time 
I negleted to obſerve accurately) before it 
would keep time; and ſince the like Obſer- 
vations have been made by the French Obſer- 
vers near thc e/£quinettial : Yet I dare not 
affirm, 'that in mine it proceeded from any 
other Cauſe, than the great Heighth of my 
Place of Obſervation above the Surface of the 
Sea, whereby the Gravity being diminiſhed, 
the length of the Pendulum vibrating Seconds, 
is proportionably ſnortꝰ' ned. 
Fourthly, That Gravity does equally affect all 
Bodies, without regard either to their Matter, 
Bulk, or Figure; ſo that the Impediment of 
the Medium being removed, the moſt com- 
pact and moſt looſe, the greateſt and ſmalleſt 


Bodies would deſcend the ſame Speces in equal 
| X 2 Times ; 
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Times; the Truth thereof will appear from 
the Experiment I before cited. In theſe two 
laſt Particulars, is ſhewn the great difference 
between Gravity and Magnetiſm, the one af- 
fecting only Iron, and that towards its Poles, 
the other all Bodies alike in every part. As a 
Corollary, from hence it will follow, that there 
is no ſuch thing as poſitive Levity, thoſe things 
that — light, being only comparatively 
ſo; and whereas ſeveral things rife and ſwim 
in Fluids, *tis becauſe, Bulk for Bulk, they 
are not ſo heavy as thoſe Fluids; nor is there 
any Reaſon why Cork, for Inſtance, ſhould be 
ſaid to be light, becauſe it ſwims on Water, 
any more than Iron, becauſe it ſwims on Mer- 
CUTYs 

35 That this Power increaſes as you deſcend, 

and decreaſes as you aſcend from the Center, 
and that in the Proportion of the Squares of the 
Diſtances therefrom reciproc ally, ſo as at a dou- 
ble Diſtance to have but a quarter of the 
Force; this Property is the Principle on which 

Mr. Newton has made out all the Phenomena of 
the Celeſtial Motions, ſo caſily and naturally, 

that its Truth is paſt Diſpute. Beſides that, 

it is higly rational, that the attractive or gra- 

vit ating Power ſhould exert it ſelf more vigo- 

rouſly in a ſmall Sphere, and weaker in a grea- 

ter, in proportion as it is contracted or ex- 

panded; and if ſo, ſeeing that the Swrfaces of 
Spheres are as the Squares of their Radii, this 

Power, at ſeveral Diſtances, will be as the 

Squares of thoſe Diſtances reciprocaly; and then 

its whole Action upon each Spherical Surface, 

be it great or ſmall, will be always equal. 
And this is evidently the Rule of Gravitation. 

| | towards 
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towards the Centers of the Sun, Fupiter, Saturn 
and the Earth, and thence is reaſonably in- 
ferred, to be the general Principle obſerved 
by Nature, in all the reſt of the Celeſtial 
Bodies. 

* Theſe are the principal Affections of Gra- 
vity, from which the Rules of the Fall of Bo- 
dies, and the Motion of Projects are Mathemati- 
cally deducible. Mr. Iſaac Newton has ſhew'd 
how to define the Spaces of the Deſcent of a 
Body, let fall from any given heighth, down 
to the: Center, ſuppoſing the Gravitation to 
increaſe, as in the fifth Property; but conſi- 
dering the ſmallneſs of heighth, to which any 
Projett can be made aſcend, and over how lit- 
tle an Arch of the Globe it can be caſt by any 
of our Engines, we may well enough _—_ 
the Gravity equal throughout, and the Deſcents 
of Projects in parallel Lines, which in Truth 
are towards the Center, the difterence being 
ſo ſmall as by no means to be diſcovered in 
Practice. The Oppoſition of the Air, tis true, 
is conſiderable againſt all light Bodies moving 
through it, as likewiſe againſt ſmall ones (of 
which more hereafter) but in great and pon- 
derous Shot, this Impediment is found by Ex- 
perience but very ſmall, and may ſafely be ne- 
glected. 


Propoſitions concerning the Deſcent of Heavy Bo- 
dies, and the Motion of Projects. 


Prop. I. The Yelocities of falling Bodies, are 
proportionate to the Times from the begin- 
ning of their Fz/ls, 


1 This 
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This follows, for that the Action of Gravi- 
ty being continual, in every Space of Time, the 
falling Body receives a new Impulſe, equal to 
what it had before, in the ſame Space of Time, 
received from the ſame Power: For Inſtance, 
in the firſt Second of Time, the falling Body 
has acquired a Velocity, which in that time 
would carry it to a certain Diſtance, ſuppoſe 
32 Foot, and were there no new Force, would 
deſcend at that rate with an equable Motion: 
But in the next Second of Time, the ſame 
Power of Gravity continually acting thereon, 
ſuperadds a new Velocity equal to the former; 
ſo that at the end of two Seconds, the Yelo- 
city is double to what it was at the end of the 
firſt, and after the ſame manner may it be 
proved to be triple, at the end of the third 
Second, and ſo on. Wherefore the FYelocities 
of falling Bogies, are proportionate to the 
Times of their Falls, ©, E. D. 

Prop. II. The Spaces deſcribed by the Fall 
of a Body, are as the Squares of the Times, 
from the beginning of the Fall. | 

Demonſtration. Let AB (Hg. 9. Tab. 4.) 
repreſent the Time of the Fall of a Body, BC 
perpendicular to A B, the Velocity acquired 
at the end of the Fal, and draw the Line AC; 
then divide the Line AB repreſenting the 
Time, into as many equal Parts 45 you pleaſe, 
as b, b, b, b, &. and through theſe Points 
draw the Lines be, be, be, bc, Cc. parallel to 
B C, *tis manifeſt that the ſeveral Lines, bc, 
repreſent the ſeveral Yelocities of the falling 
Body, in ſuch Parts of the Time as A b is of 
A B, by the former Propoſition. It is evident 
likewiſe, that the Area ABC is the Sum or 

4 ? 4 L 
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all the Lines bc being taken, according to 
the Method of Indiviſibles, infinitely many; 
ſo that the Area ABC repreſents the Sum 
of all the Velocities, between none and BC 
ſuppoſed infinitely many; which Sum is as the 
Space deſcended in the Time repreſented by 
AB. And by the fame Reaſon the Areas 
A bc, will repreſent the Spaces deſcended 
in the Times Ab; ſo then the Spaces de- 
ſcended in the Times A B, Ab, are as the A- 
reas of the Triangles ABC, Abc, which by 
the 20th of the 6 of Euclid, are as the Squares 
of their Homoloooms Sides AB, Ab, that is to 
ſay, of the Times: Wherefore the Deſcents 
of fallins Bodies, are as the Squares of the 
Times of their Fall, Q. E. D. 

Prop. III. The Velocity which a falling Body 
acquires in any Space of time, is double to 
that, wherewith it would have moved the 
Space, deſcended by an equable Motion, in 
the ſame time. 

Demonſtration. Draw the Line EC paral- 
lel to AB and AE parallel to BC tn the 
ſame Fig. 9. and compleat the Parallelogram 
ABCE, it is evident that the Area thereof 
may repreſent the Space, a Body moved equa- 
bly with the Velocity BC would deſcribe in 
the Time AB, and the Triangle ABC re- 


preſents the Space deſcribed by the Fall of a 


Body, in the ſame Time AB, by the ſecond 
Propoſition. Now the Triangle ABC is 
half of the Parallelogram ABCE; and conſe- 
quently the Space deſcribed by the Fal, is 
half what would have been deſcribed by an 
equable Motion with the Velocity BC, in the 
ſame Time; wherefare the Velocity BC. at the 

X 4 end 
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end of the Fall, is double to that Velocity, which 
in the Time AB, would have deſcribed the 
Space fallen, repreſented by the Triangle ABC, 
with an equable Motion, ©. E. D. 

Prop. IV. All Bodies on or near the Surface 
of the Earth, in their Fall, deſcend fo, as at 
the end of the firſt Second of Time, they 
have deſcribed 16 Feet, 1 Inch, London Mea. 
ſure, and acquired the Velocity of 32 Feet, 
2 Inches, in a Second. 

This is made out from the 25th Propoſition 
of the ſecond Part of that excellent Treatiſe 
of Mr. Hugenius de Horolagio Oſcillatorio; wherc- 
in he demonſtrates the time of the leaſt Vi- 
brations of a Pendulum, to be to the Time of 
the Fall of a Body, from the heighth of half 
the length of the Pendulum, as the Circumſe- 
rence of a Circle to its Diameter ; whence, as a 
Corollary, it follows, that as the Square of the 
Diameter to the Square of the Circumference, ſo 
half the length of the Pendulum vibrating Se- 
cords, to the Space deſcribed by the Full of a 
Body in a Second of Time : And the Length of 
the Je idulum vibrating Seconds, being found 
39, 125, Or 7 Inches, the Deſcent in a Second 
will be found by the aforeſaid Analogy 15 Foot 
and 1 Inch; and, by the third Propoſition, 
the Velocity will be double thereto; and near 
to this it hath been found by ſeveral Experi- 
ments, which by reaſon of the /mi/tze/5 of the 
Fall, cannot ſo exactly determine its Suantity, 
The Demonſtration of Hugenius being the 
Concluſion of a long Train of Conſequences, 1 
ſhall for brevity ſake omit z and refer you to 


his Book, where theſe things are more amply 
treated of, | 


From 
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From theſe Four Propoſitsons, all Oueſtions 
concerning the Perpendicular Fall of Bodies, are 
eaſily ſolved, and either Time, Height, or Ve- 
locity being aſſigned, one may readily find the 
other two. From them likewiſe is the Do- 
Arine of Projects deducible, aſſuming. the two 
following Axiom; vix. That a Body ſet 4 
moving, will move on continually in a tight 
Line with an equable Motion, unleſs ſome other 
Force or Impediment intervene, whereby it is 
accelerated, or retarded, or defte&ed. 

Secondly, That a Body being agitated by 
two Motions at a time, does by their compour- 
ded Forces paſs through the ſame Points, as it 
would do, were the two Mot ions divided and 
aged ſucceſſively. As for Inſtance, Suppoſe a 
Body moved in the Line GF, ( Fig. 1. Tab. 5.) 
from G to R, and there ſtopping, by ano- 
ther Impulſe, ſuppoſe it moved in à Space of 
Time equal to the former; from R towards 
K, to V. I ſay, the Body ſhall- paſs through 
the Point V, tho? theſe two ſeveral Forces ated 
both in the ſame time. | 

Prop. V. The Motion of all Projects is in the 
Curve of a Parabola':' Let the Line GRFH (in 
Fig. 1.) be the Line in which the Project is di- 
rected, and in which by the firſt Axiom it 
would move equal Spaces in equal Times, were 
it not deflected downwards by the Force of 
Gravity, Let GB be the Horixontal Line, and 
G C a Perpendicular thereto. Then the Line 
GRF being divided into equal Parts, an- 
ſwering to equal Spaces of Tine, let the De, 
cents of the Project be laid down in Lines paral. 
/el to GC, proportioned as the Squares of the 
Lies GS, GR, GL, GE, or as the * 

0 
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of the Times, from S to T, from R to V, 
from L to X, and from F to B, and draw 
the Lines TH, VD, XY, BC parallel to GF; 
I fay the Points T, V, X, B, are Points in the 
Curve deſcribed by the Project, and that that 
Curve is a Parabola, By the ſecond Axiom, 
they are Points in the Curve; and the Parts of 
the Deſcent GH, GD, GY, GC, = to ST, RV, 
LX, FB, being as the Squares of the Times (by 
the ſecond Prop.) that is, as the Squares of the 
Ordinates, HT, DU, YX, BC, equal to GS, 
GR, GL, GF, the Spaces meaſured in thoſe 
Times; and there being no other Curve but 
the Parobola, whoſe Parts of the Diameter are 
as the Squares of the Ordinates, it follows that 
the Curve deſcribed by a Project, can be no o- 
ther than a Parabola : And ſaying, as RU the 
Deſcent in any time, to GR or UD the direct 
Motion in the ſame time, ſo is UD to a third 
proportional; that third will be the Line cal- 
led by all Writers of Conicks, the Parameter 
of the Parabola to the Diameter GC, which is 
always the ſame in Projects caſt with the ſame 
Velocity : And the Velocity being defined by 
the Number of Feet moved in a Second of Time, 
the Parameter will be found by dividing the 
Square of the Velocity, by 16 Feet, 1 — the 
Fall of a Body in the ſame Time. 


Lemma. 


The Sine of the double of any Arch, is equal 
to twice the Sine of that Arch into its Co- ſine, 
divided by Radius; and the verſed Sine of the 
double of any Arch is equal to twice the Square 
of the Sine thereof divided by Radius. 


Let 
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Let the Arch BC (in Fg. 2. Tab. 5.) be double 
the Arch BF, and A the Center; draw the Radii 
AB, AF, AC, and the Chord BDC, and let 
fall BE perpendicular to AC, and the Angle 
EBC, will be equal to the Angle ABD, and 
the Triangle BCE, will be like to the Trian- 
gle BDA; wherefore it will be as AB to AD, 
ſo BC or twice BD, to BE; that is, as Radius 
to Co- ſine, ſo twice Sine, to Sine of the double 
Arch. And as AB to BD, ſo twice BD or 
BC to EC, that is, as Radius to Sine, ſo twice 
that Sine, to the Verſed Sine of the double 
Arch; which two Analogies reſolved into Equa- 
tions, are the Propoſitions contained in the Lem- 
ma to be proved. | 

Prop. VI. The Horizontal Diſtances of Pro- 
jections made with the ſame FVelocit), at ſeve- 
ral Elevations of the Line of Direction, are as 
the Sines of the doubled Angles of Eleva- 
tion. 

Let GB ( Fig. 1.) the Horizontal Diſtance 
be = z, the Sine of the Angle of Elevation, 
FGB, be s, its Co-ſine = c, Radius r, and 
the Parameter =p. It will be as c to; ſo ⁊ to 


AB, and by reaſon of the Parabola 


hed = to the Square of CB,or GF,.' Now as c 


c 
to r, ſo is ⁊ to Y = GF, and its Square 777 7 
2 55 C6 


J - 
will be therefore = to — : which Equation 


reduced will be Ty . But by the former 


rr 
Lemma * 4 © is equal to the Sine of the dou- 
ble 
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ble Avgle, whereof 5 is the Sine: Wherefore 
"twill be as Radius to Sine of double the Angle 
FGB, ſo is half the Parameter, to the Horizon- 
tal Range or Diſtance ſought; and at the ſeve- 
ral Elevations, the Ranges are as the Sines of 
the double Angles of Elevation Q. E. D. 


Corollary. 


Hence it follows, that half the Parameter is 
the greateſt Randon, and that that happens at 
the'Elevation of 45 Degrees, the Sine of whoſe 
double is Radius. Likewiſe that the Ranges 
equally diſtant above and below 45 are equal, 
as are the Sines of all doubled Arches, to the 
Sines of their doubled Complements. 

Prop. VII. The Alritudes of Projections made 
with the ſame Velocity, at ſeveral Elevations, 
are as the verſed Sines of the doubled Angles of 


Elevation: As c is tos ſo is B to 


$$ 
BE: and UK = RU=BF, the 4. 


titude of the Projection 22 Now by the 


foregoing Lemma - to the verſed Sine of 
the double Angle, and therefore it will be as 
Radins, to verſed Sine of double the Angle 
FGB, ſo an 8th of the Parameter to the height 
of the Projection VKR; and ſo theſe heights at 


ſeveral Elevations, are as the ſaid verſed Sines, 
Q. E. D. 


Corollary. 
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Corollary. 


From hence it is plain, that the greateſt 


Altitude of the perpendicular Proje&or is a 


4th of Parameter, or half the greateſt Horizon- 
tal Range; the verſed Sine of 180 Degrees be- 
ing =2 r. 
Prop. VIII. The Lines G F, or Times of the 
Flight of a Project caſt with the ſame Degree 
of Velocity at different Elevations, are as the 
Sines of the Elevations. „ 26-SIY 


As cis tor :: ſo is — = GB by the 6 


Prop. to 775 GF, that is, as Radius to Sine 


of Elevation, ſo the Parameter to the Line G; 
ſo the Lines GF are as the Sines of Elevation, 
and the Times are proportional to thoſe Lines; 
wherefore the Times are as the Sines of Eleva- 
tion : Ergo conſtat propoſit io. 

Prop. IX. Problem. A Projection being made 
as you pleaſe, having the Diſtance and Alti- 
tude, or Deſcent, of an Object, through which 
the Project paſſes, together with the Angle of 
Elevation of the Line of Direction; to find the 
Parameter and Velocity, that is (in Fig. 1.) ha- 
ving the Angle FGB, GM, and MX. 

Solution. As Radius to Secant of FGB, ſo GM 
the Diſtance given to GL; and as Radius to 
Tangent of FGB, ſo GM to LM. Then LM 
— MX in Heights, or MX in Deſcents; or 
elſe MX — ML, if the Direction be below the 
Horiz.ontal Line, is the Tall in the Time that the 
direct Impulſe given in G would have carried 
the Proje& from & to L=LX =GY; then by 
Reaſon 


— 
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Reaſon of the Parabola, as LX or GY, is to 
GL or XX, :: ſo is GL to the Parameter ſought. 
To find the Velocity of the Impulſe by Prop. 2, 
and 4, find the Time in Seconds that a Body 
would fall the Space LX; and by that divi- 
ding the Line GL, the Quote will be the Velo- 
city, or Space moved in a Second ſought, which 
is always a mean Proportional between the 
Parameter, and 16 Feet, 1 Inch. 

Prop. X. Problem 2. Having the Parameter, 
Horizontal Diſtance, and Height or Deſcent 
of an Object, to find the Elevations of the 
Line of Direction neceſſary to hit the given 
Object; that is, having GM, MX, and the 
greateſt Randon equal to half the Parameter; 
to find the Angles FGB. 

Let the Tangent of the Angle ſought be t, 
the Horizontal Diſtance G Mb, the Altitude 
of the Object MX , the Parameter =p, and 
Radius r, and it will be, 

| 2 h 


| 2 
As r to ſo b to , ML and 4 


in aſcents LX, and 
in deſcents 


pr b-Fp L quad. =X'Y quad. ratione Pa- 
1 
rabolæ but 


sl quad. 47. i. Euclid. Wnerefore 


prb, hab bJ- 33 — which Equation tran» 
 Tpoſed, is 
rp bb b, divided by 66 is 


rr ER 


it 


— 


fr 
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t. pr ph | 
„ 1 r. this Equation ſhews the Que- 
ſtion to have 2 Anſwers, and the Roots there- 


t. P . vVppiraph 
of are = r 


from which I derive the following Rule. 


Divide half the Parameter by the Horizon- 
tal diſtance, and keep the Quote ; viz. 25 


then ſay, as ſquare of the diſtance given to the 
half Parameter, ſo half Parameter F double 
height F455 


The Tangent anſwering to that . will be 

Ei or Square of Radius, 
4 

ſo then the ſum and difference of the afore- 
found Quote, and this Tangent will be the 
Roots of the Equation, and the Tangents of 
the Elevations ſought. 


Note here, that in Deſcents, if the Tangent 
exceed the Quote, as it does when pÞ is more 
than bb, the direction of the lower Elevation 
will be below the Horizon, and if ph==bb, it 
muſt be directed Horizontal, and the Tangent 


of the upper Elevation will bebe. Note like 
wiſe, that if 4b b 1+4phin aſcents, or 46. 


h in deſcents, be equal to pp, there is but 
2 Elevation that can hit the Obje, and its 


Tangent is Eg. And if 466-1 4 ph inaſcents, 
or 
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or 4bb--4pb in deſcents, do exceed pp, the Ob- 
jelt is without the reach of a Project caſt with 
that Velocity, and fo the thing impoſſible. 
From this Equation 4bb*-aph=pp are deter- 
mined the utmoſt limits of the reach of any 
Project, and the Figure aſſigned, wherein are 
all the heights upon each Horizontal diſtance 
beyond which it cannot paſs; for by reduction 
of that Equation, h will be found 4 p- 


In heights, and, — -A in deſcent:; from 


whence it follows, that all the Points h are in 
the Curve of the Tarabola, whoſe Focus is the 
Point from whence the Project is caſt, and 
whoſe , Latus rectum, or Parameter ad Axem * 
is =p. Likewiſe from the ſame Equation may 2 
the leaſt Parameter or Velocity be found ca pa- 1 
ble to reach the Obje# propoſed; for bb = ; 


PE.T-2h being 3 1 p will be = G 
EIT 10 aicents. .. 2 5 H 
1 Fl K in deſcents, which bs Hori ls 
zontal Range at 45 degrees, of a Project caſt G 
with the leaſt Velocity that would juſt jed 


reach the Object, and the Elevation requiſite |= 
wilt be eafily had; for dividing the ſo found th 


Seri-parameter by the Horizontal diſtance given Pe 
6, the. Ouote into Radius will be the Tangent to 
of the Elevation ſought. This Rule may be of th 


good uſe to all Bombardiers and Gunners, not 
only that they may uſe no more Pouder than 
is e a caſt their Bombs into the place 

{fi2:t6>; but chat they may ſhoot with much 
more certainty, for that a ſmall Error com- 
mitted in the Elevation of the Piece, will pro- 
duce no ſenſible Difference in the fall of the 

20 | Shot: 
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Shot: For which Reaſons the French Engi- 
neers in their late Sieges have uſed Mortar- 
pieces inclin'd conſtantly to the Elevation of 
45, Proportioning their Charge of Pouder 
according to the diſtance of the Objef# they 
intend to ſtrike on the Hori xon. | 
And this is all that need to be ſaid con- 
cerning this Problem of ſhooting upon Heighrs 
and Deſcents. But if a Geometrical Conſtructi- 
on thereof be required ; I think I have one 
that is as eaſy as can be expected, which I de- 
duce from the foregoing Analytical Solution, 
er 4 — 
e ANerusthisbe⸗ 
e bb 
ving made the right Angle GDF, (Tab. 5. Hg. 3.) 
make DF rp, or greateſt Range, and G D 
= b the Horizontal Diſtance, and D B=—=h the 
perpendicular heighth of the Object; to be laid 
upwards from D, if the Obje& be above the 
Horizon; or downwards if below it. Paral- 
lel to G D draw F A, and make it equal to 
GB the Hypothenuſal Diſtance of the Ob- 
jet; and with the Center A and Radius FB 
= 7 ++ ſweep an Arch, which ſhall if the 
thing be poſſible, interſect the indeterminate 
Perpendicular D F in two Points K and L, 
to which draw the Lines, GL, GK, I ſay, 
the Angles DG K, DG IL, are the Elevations 
uiſite to ſtrike the Object 8. 
emonſtration. The '$q. of EK or FL, is 
equal to FBq—GB9: or} pþ+b'—bb=— hh 
or 4 pp -& ph—bb, and therefore J p pb —bY 
is — K==FL, and by Conſequence D K, 
b pEpb—bh, AndasDG:. 
DK and DL 22 : Tangents ſought, 
Y which 


_—_ — rw 


324 Miſcellanea Curioſa. 


which coincides with our Algebraical Expref- 
ſion thereof. 

Prop.XI.Todetermine the Force or Velocity of 
a Project, in every Point of the Curve it deſcribes.” 

To do this we need no other Præcognita, but 
only the third Propoſition, viz. That the Ve- 
locity of falling Bodies, is double to that which 
in the ſame time, would have deſcribed the 
Space fallen by an equable Motion: For the 
Velocity of a Project, is compounded of the 
conſtant equal Yelocity of the impreſſed Mo- 
tion, and the Velocity of the Fall, under a gi- 
ven Angle, viz. the Complement of the Eleva- 
tion: For Inſtance, in Fig. 2. in the time 
wherein a Project would moue from G to L, it 
deſcends from L to X, and by the third Pro- 
poſition has acquired a Velocity, which in that 
time would have carried it by an equable Mo- 
tion from L to Z, or twice the Deſcent LX, 


and drawing the Line G Z, I ſay, the Yelocity 


in the Point X, compounded of the Yelocities 
GL and LZ under the Angle G Z, is to the 
Velocity impreſt in the Point G, as G is to 
G L; this follows from our ſecond Axiome, 
and by the 20 and 21 Prop. lib. 1. conic. Mi- 
dorgii, X © parallel and equal to G Z ſhall 
touch the Parabola in the Point X. So that 
the Velocities in the ſeveral Points, are as the 
lengths of the Tangents to the Parabola in thoſe 
Points, intercepted between any two Diame- 
ters: And theſe again are as the Secants of the 
Angles, which thoſe - Tangents continued make 
with the Horizontal Line GB. From what is 
here laid down, may the comparative Force of a 
Shot in any two Points of the Curve, be either 
Geometrically or Arithmetically diſcovered. 

| and he Corolla), 
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Corollary. 


From hence it follows, that the force of a 
Shot is always leaſt at U, or the Vertex of the 
Parabola,and that at equal diſtances therefrom; 
as at T and Xx, G and B its force is always e- 
qual, and that the leaſt force in U 1s to that 
in G and B, as Radius to the Secant of the 
Angle of Elevation FG g. * Si 

Theſe Propoſitions conſidered, there is noque- 
ſtion relating to Projects, which, by the help 
of them, may not eaſily be Solved; and tho? 
it be true that moſt of them are to be met 
withal, in Galileus Torricellius and others, who 
have taken them from thoſe Authors, yet 
their Books being Forreign, and not eaſy to 
come by, and their Demonſtrations long and 
difficult, I thought it not amiſs to give the 
whole Doctrine here in Engliſh, with ſuch ſhort 
Analytical Proof of my own, as might be ſuſſi- 
cient to evince their Truth. 

The Tenth Propoſition contains a Problem, 
untouch'd by Torricellius, which is of the grea- 
teſt uſe in Gunnery, and for the ſake of which 
this Diſcourſe was principally intended: It 
was firſt Solved by Mr. Anderſen, in his Book 
of the Genuine Uſe and Effects of the Gun, 
Printed in the Vear 1674; but his Solution 
required ſo much Calculation, that it put me 
upon ſearch, whether it might not be done 
more eaſily, and thereupon in the Vear 1678 
I found out the Rule I now Publiſh, and from 
it the Geometrical Conſtruction: Since which 
time there has a large Treatiſe of this Subject 
IntitFd, Dare de jetter les. Bombes, been Pub- 

> liſh'd 
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Iiſh'd by Aonſieur Blondel, wherein he gives 
the Solutions of this Problem by Me ſſieurs Buot, 


Romer and de la Hire: But none of them he- 
ing the ſame with mine, or, in my Opinion, 


more eaſy, and moſt of them more Ope- 


roſe, and beſides mine finding the Tangent, 
which generally determines the Angle better 
than its Sve, I thought my ſelf obliged to 
Print it for the uſe of all ſuch, as deſire to 
be informed in the Mathematical part of the 
Art of G unnery. | 

Now theſe Rules were rigidly true, were it 
not, as I ſaid before, for the Oppoſition of 
the Medium, whereby not only the direct im- 
preſt Motion is continually retarded, by like- 
wiſe the increaſe of the Yelocity of the Fall, 
ſo that the ſpaces deſcribed thereby, are not 
exactly as the ſquares of the Times: But 
what this Oppoſition of the Air is, againſt 
ſeveral Yelocities, Bulks, and Weights, is not ſo 
eaſy to determine. Tis certain that the 
weight of Air to that of Water, is near- 
ly as 1 to.800, whence the weight thereof, to 
that of any Project is given ; *tis very likely, 
that to the ſame Velocity, and Magnitude, but 
of different matter, the Oppoſition ſhould be 
reciprocally as the weights of the Shot; as 
likewiſe that to Shot of the ſame Velocity and 
Matter, but of different Sizes; it ſhould be 
as the Diameters reciprocally : Whence gene- 
nerally the Oppoſition to Shot with the ſame 
Velocity, but of diftering Diameters, and Ma- 
terials, ſhould be as their Specific Gravities 
into their Diameters reciprocally; but whether 
the Oppoſition, to differing] Velocities of the 
ſame Shot, be as the Squares of thoſe FVeloci- 


ties, 
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ties, or as the Yelocities themſelves, or o“ 
therwiſe, is yet a harder Queſtion. How- 
ever it be, 'tis certain, that in large Shot 
of Mettal, whoſe weight many Thouſand 
times ſurpaſſes that of the Air, and whoſe 
force is very great, in proportion to the 
Surface wherewith they preſs thereon ; this 
Oppoſition is ſcarce diſcernable : For by ſe- 
veral Experiments made with all Care and 
Circumſpection with a Morterperce, Extraor- 
dinary well fixt to the Earth on purpoſe, 
which carried a ſolid Braſs Shot of four Inches 
and a half Diameter, and of about fonricen 
Pound Weight, the Ranges above and below 
forty five Degrees were found nearly equal ; 
if there were any difference, the under 
Ranges went rather the fartheſt, but thoſe 
differences were uſually leſs than the Er- 
rours committed in ordinary Practice, by the 
unequal Goodneſs and Dryneſs of the ſame 
ſort of Ponder, by the Unfittneſs of the 
Shot to the Bore, and by the Looſneſs of the 
Carriage. 
In a ſmaller Braſs-Shot of about an Inch and 
half Diameter, caſt by a Croſs-Bo which 
ranged it, at moſt about four Hundred Foot, 
the Force being much more equal than in the 
Morterpiece, this difference was found more 
Curiouſſy: and Conſtantly and moſt Evident- 
ly, the under Ranges out went the upper. 
From which Trials I conclude, that altho' in 
ſmall and light Shot, the Oppoſition of the 
Air, ought and muſt be accounted for ; yet 
ip Shooting of great and weighty Bombs, 
there need be very little or no allowance made; 
and ſo theſe Rules may he pur in practice to all 
WY Intents 
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Intents and Purpoſes, as if this Impediment 
were abſolutely remov'd. : 


A Propoſition of general Uſe in the Art of Gun- 
nery, ſhewing the Rule of laying a Mortar to 
paſs, in order to ſtrike an Object above or 
below the Horizon. 


It was formerly theOpinion of thoſe concerned 
in Artillery, that there was a certain requiſite 
of Pouder for each Gun, and that in Mortars, 
where the diſtance was to be varied, it muſt 
be done by giving a greater or leſſer Eleva- 
tion to the Peice. But now our later Expe- 
rience has taught us that the ſame thing may 
be more certainly and readily performed by 
increaling and diminiſhing the quantity of 
Pouder, whether regard be had to the Execu- 
tion to be done, or to the Charge of doing it. 
For when Bombs are diſcharged with great 
Elevations of the Mortar, they fall too Per- 
pendicular, and bury themſelves too deep in 
the Ground, to do all that damage they 
might, if they came more Oblique, and broke 
upon or near the Surface of the Earth ; which 
is a thing acknowledged by the Beſieged in all 
Towns, who unpave their Streets, to let the 
Bombs bury themſelves, and thereby ſtifle the 
force of their Splinters. A Second Conveni- 
ence is, that at the extream Elevation, the 
Gunner is not obliged to be ſo curious in the 
direction of his Piece, but it will ſuffice to be 
within a Degree or twoof the Truth; where- 
as in the other method of Shooting he ought 
to be very curious. But a Third, and no leis 
conſiderable Advantage is, in the ſaving the 
| Prince's 
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Prince's Pouder, which in ſo great and ſo nu- 
merous Diſcharges, as we have lately ſcen, 
muſt needs amount to a conſiderable Value. 
And for Sea-Mortars, it is ſcarce practicable 
otherwiſe to uſe them, where the agitation 
of the Sea continually changes the Dire&ion 
of the Mortar, and would. render the Shot 
very uncertain, were it not that they are pla- 
ced about 45 Degrees Elevation, where ſeve- 
ral Degrees above or under, makes very little 
difference in the Effect. 

In the precedent Dſcourſe, I con- 
ſidered all the Propoſitions relating to the 
Motion of Projectiles, and gave a Solution to 
this Problem vix. To hit an Object above or be- 
low the Horizontal Line with the greateſt Certain- 
ty and leaſt Force. That is, that the Ho- 
rizontal diſtance of the Object being put =, 
and the Perpendicular Heighth = h, the 
Charge requihte to ſtrike the Object with the 
greateſt Advantage, was that which with an 
Elevation of 45? would caſt the Shot on the 
Horizontal Line, to the diſtance of = 
when the Object was above the Horizon; or 
if it were below it, the Charge muſt be leſſer, 
ſo as to reach on the Horizon, at 45* E- 
levation, no greater a Diſtance than 
TJ bb-bb—b; that is, in the one Caſe, the 
Sum of the Hypothenuſal Diſtance of the Ob- 
jet from the Gun, and the Perpendicular 
Heighth thereof above the Gun; and in the 
other Caſe, when the Object is below the Ho- 
rizon, the difference of the ſame per 47.1 Eucl. 
And I then ſhew'd how to find the Elevation 
proper for the Gun fo charged, 274. As the 
| » Horizon- 
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Horizontal Diſtance of the Object, to the 
Sum or Difference of the Hypothenuſal Di- 
ſtance and Perpendicular Heighth : : So Ra- 
dius to the Tangent of the Elevation ſought. 
But I was not at that time aware that the a- 
foreſaid Elevation did conſtantly biſect the 
Angle between the Perpendicular and the Ob- 

ze, as is demonſtrated from the Difference 
and Sum of the Tangent and Secant of any 
Arch being always equal to the Tanggnt and 
and Cotangent of the half Complement there- 
of to a Quadrant. Having diſcovered this, I 
think nothing can be more compendious, or 
bids fairer to compleat the Art of Gunnery, 
it being as eaſie to ſhoot with a Mortar at a- 
ny Ohject on demand, as if it were on the Le- 
vel; neither is there need of any Computa- 
tion, but only ſimply laying the Gun to paſs, 
in the middle Line between the Zenith and 
the Object, and giving it its due Charge. Nor 
is there any great need of Inſtruments for this 
purpoſe: For if the Muzzle of the Mortar be 
turned truly Square to the Bore of the Piece, 
as it uſually 1s or ought to be, a Piece of Look- 
ing-glaſs Plate applied parallel to the Muz- 
Zle, will by its Reflection give the true Poſi- 
tion of the Piece, the Bombardeer having no 
more to do, but to look perpendicularly 
down on the Looking-glaſs, along a ſmall 
Thread with a Plumbet, and to raiſe or de- 
preſs the Elevation of the Piece, till the Ob- 
ject _ reflected on the ſame Point of the 
Speculum, on Which the Plumber falls; for 


the Angle of Incidence and Reflection being 
equal, in this Caſe a Line at Right Angles to 
the Speculum, as is the Axis of the Chaſe. of 


the 
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the Piece, will biſect the Angle between the 
Perpendicular and the Object, according as 
our Propoſition requires. So that it only re- 
mains by good and valid Experiments to be 
aſſured of the Force of Gunpouder, how to 
make and conſerve it equal, and to know the 
Effect thereof in each Piece; that is, how far 
differing Charges will caſt the ſame Shot out 
of it; Which may moſt conveniently be engra- 
ven on the outſide thereof, as a ſtanding Di- 
rection to all Gunners, who ſhall from thence 
forward have occaſion to uſe that Piece: And 
were 'this Matter well aſcertained, it might 
be worth the while to make all Mortars of the 
like Diameter as near as may be, alike in 
length of Chaſe, Weight, Chamber, and all 
other Circumſtances. EA. 
This Diſcovery that the utmoſt Range on 
an inclined Plane, is, when the Axis of the 
Piece makes equal Angles with the Perpendi- 
cular and the Object, compared with what 1 


have demonſtrated of the ſame Problem in 
the aforeſaid Diſconrſe does lead to and 


diſcover two very ready Theorems; the one, 
to find the greateſt Horizontal Range at 45? 
Elevation, by any Shot made upon any incli- 
ned Plane, with any Elevation of the Piece 
whatſoever : And the other to find the Eleva- 
tions proper to ſtrike a given Object, with a- 


ny Force greater than what fuſhces to reach 
it with the aforeſaĩd middle Elevation. Both 
which being performed by one ſingle Pro- 
portion, may be very ſerviceable to ſuch 


as are concerned in the Practice of Gunnery, 
but are unwilling to trouble themſelves with 
| tedious 
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tedious and difficult Rules. The two Propo- 
ſitions are theſe. 


0. I. 


Ashot being made on an inclined Plane, ha- 
ving the Horizontal Diſtance of the Object it 
ſtrikes, with the Elevation of the Piece, and 
the Angle at the Gun between the Object and 
the Perpendicular; to find the greateſt Hori- 
zontal Range of that Piece, laden with the 
ſame Charge; that is, half the Latus rectum 
of all the Parabole made with the ſame Im- 


pet us. 
R VU LE. 


Take half the Diſtance of the Object from 
the Nadir, and take the Difference of the gi- 
ven Elevation from that halt; the Verſed Sine 
of that Difference ſubtract from the Verſed 
Sine of the Diſtance of the Object from the 
Zenith: Then ſhall the Difference of thoſe Ver- 
ſed Sines be to the Sine of the Diſtance of the 
Object from the Zenith, as the Horizontal 
Diſtance of the Object ſtrook, to the greateſt 
Horizontal Range at 45*. 


. 


Having the greateſt Horizontal Range of a 
Gun, the Horizontal Diſtance and Angle of 
Inclination of an Object to the Perpendicular, 
to find the two Elevations neceſſary to ſtrike 
that Object. 


x UL E. 
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Ow 
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uA. 


Halve the Diſtance of the Object from the 
Nadir; this half is always equal to the half 
Sum of the two Elevations we ſeek. Then 
ſay, As the greateſt Horizontal Range is to the 
Horizontal Diſtance of the Object So is the Sine 
of the Angle of Inclination or Diſtance of the Ob- 
jett from the Perpendicular, ta a fourth Propor- 
tional; which fourth being ſubtracted from the 
Verſed Sine of the Diſtance of the Object from the 
Zenith, leaves the Verſed Sine of half the Diffe- 
rence of the Elevations. - ſought ; which Eleva- 
tions are therefore had by adding and ſubtractin 
that half Difference to and from the aforeſaid hat 


Sum. 


I ſhall not need to ſpeak of the Facility of 
theſe Solutions, I ſhall only obſerve that they 
are both General, without Exception or Cau- 
tion, and derived from the Knowledge that 
theſe two Elevations are equidiſtant above 
and below the Line, biſecting the Angle be- 
tween the Object and the Zenith. 
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A Diſcourſe concerning the Mea- 

. » ſure of the Airs reſiſtance to Bo. 
dies moved in it. By the Lear- 
ned John Wallis, S. T. D. and 
R. S. Soc. : 


iFF'HAT the Air (and the like of any o- 
C ther Medium) doth conſiderably give 
reſiſtance to Bodies moved in it; (and doth 
thereby abate their Celerity and Force :) is 
generally admitted. And Experience doth 
atteſt it : For otherwiſe, a Cannot-Bullet pro- 
jected Horizontally, ſhould ( ſuppoſing the 
Celerity and Force undiminiſhed) ſtrike as 
hard againſt a perpendicular Wall, erected at 
a great diſtance, as near at hand; which we 
find it doth not. 2 f 0 
- 2. But at what Rate, or in what Propor- 
tion, ſuch reſiſtance is; and (conſequently, 
at what Rate the Celerity and Force 1s con- 
tinually diminiſhed) ſeems not to have been 
ſo well examined. Whence it is, that the 
Motion of a Project (ſecluding this Conſide- 
ration) is commonly reputed to deſcribe a 
Parabolick Line; as ariſing from an uniform 


or equal Celerity in the Line of Projection, 


and a Celerity uniformly accelerated in the 


Line of Deſcent z which two ſo compounded, 
do create a Parabola. VT | 


3. In 


— .,, © at ca. AO. fan 
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3. In order to the Computation hereof, I 
firſt premiſe this Lemma, (as the moſt ratio- 
nal that doth occur for my firſt footing,) That 
(ſuppoſing other things equal) the reſiſtance 
is proportional to the Celerity. For in a dou- 
ble Celerity, there is to be removed (in the 
ſame time) twice as much Air, (which is a 
double Impediment) in a treble, thrice as 
much; and ſo in other Proportions. | 

4. Suppoſe we then the Force impreſſed 
(and conſequently the Celerity, if there were 
no reſiſtance) as 1; the reſiſtance as r. (which 
muſt be leſs than the Force, or elſe the Force 
would not prevail over the Impediment, to 
create a Motion.) And therefore the effective 
Force at a firſt Moment, is to be reputed as 
1-7: That is, ſo much as the Force impreſ- 
ſed, is more than the Impediment or Reſi- 
ſtance. | 

5. Be it as 1=—r to 1; ſo one to m. (which 
m 1s therefore greater than 1.) | 

6. And therefore the effective Force (and 
conſequently the Celerity) as to a firſt Mo- 
1 


ment, is to be m of what it would be, had 
there been no reſiſtance. 


4 
7. This m is alſo the remaining Force af- 
ter ſuch firſt Moment ; and this remaining 
Force is (for the ſame Reaſon) to be propor- 
tionally abated as to a ſecond Moment ; that 


is, we are to take n thereof, that is mm of 
the impreſſed Force. And for a third Mo- 
ment (at equal diſtance of time) m m for 
a' fourth m ; and ſo onward infinitely. 

8. Becauſe 


— ͥ r— — — 
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8. Becauſe the length diſpatched (in equal 
times) is proportional to the Celerities; the 
Lines of Motion (anſwering to thoſe equal 

1 p 4 
Times) are to be as m, m, m, m*, &c. of 
what they would have been, in the ſame 


Times, had there been no reſiſtance. 


9. This therefore is a Geometrical progreſ⸗- 
ſion; and (becauſe of m greater than 1) con- 
tinually decreaſing. 


10. This decreaſing Progreſſion infinitely 
continued (determining in the ſame Point of 
Reſt, where the Motion is ws pg to ex- 
pire) is yet of a finite Magnitude ; and equal 


to 1 of what it would have been in ſo 
much Time, if there had been no reſiſtance. 
As is demonſtrated in my Algebra, Chap. 95. 
Prop. 8. For (as I have elſewhere demonſtra- 
—_ the Sum or Aggregate of a Geometri- 


cal Progreſſion is Ns. ( ſuppoſing YL the 


greateſt Term, A the leaſt, and & the com. 
mon Multiplier. ) That is . — Er 
Now in the preſent Caſe, (ſuppoſing the Pro- 
greſſion infinitely continued) the leaſt Term 


A, becomes infinitely ſmall, or = o. And 
conſequently E doth alſo vaniſn, and there- 


by the Aggregate becomes === That is 


f . * 1 % # * 7 8 1 (as 
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(as will appear by dividing R yr. L. S.. 

rr 
R by K-13) . VR—V 


e 1A. N 

NI &c. 2 RY 

( ſuppoſing the Progreſſion ? T R 

to begin at V=1.) That is 

( dividing all by & that fo V 

the Progreſſion may begin R 

at K SH 29 —— E A 1 

* Ni INXX INRNK 

5 Oc. That is, in our v 

preſent Caſe ( becauſe of | TRR 

V==1, & k=_ Tut =p Oe. 


&c. 11. That is, (putting am- 1) 1 


of what it would have been if there had been 
no reſiſtance. 5 

11. This infinite Progreſſion is fitly expreſ- 
ſed by an Ordinate in the exterior Hyperbola, 

allel to one of the Aſymptotes; and the 
| as Members of that, by the ſeveral Mem- 
bers of this, cut in continual Proportion, As 
is there demonſtrated at Prop. 15. For let 
S H, (vid. Fig. 4. Tab. 5.) be an Hyperbola be- 
tween the Aſymptotes AB, AF: And let 
the Ordinate DH (in the exteriour Hyper- 
bola, parallel to A F,) repreſent the impreſ- 
ſed Force undiminiſhed; or the Line to be 
deſcribed in ſuch time, by a Celerity anſwe- 
rable to ſuch undiminiſhed Force. And let 


.85 (a like Ordinate) be i thereof; which 


therefore, being leſs than DH (as being e- 
qual to a Part of it) will be farther than it 
om AF. In 4B (which I put = 1) let 
3 4; be ſuch a Part thereof, as is BS of D H. 
| Now 
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Now becauſe (as is well known) all the inſcri- 
bed Parellelograms, in the exterior Hyper- 
bola, AS, AH, Cc. are equal; and there- 
forc their ſides reciprocal: Therefore as A d 


= 1 * (ſuppoſircſg Bd to be taken, from 
B toward A,) to AB=1, = as m - 1 to 


m: 2001 is BS 

„ [74 = on Dar Ge. 
d h, which is e 

therefore e- m 

qual to n 1 3 

of DA,; that Tons 

is (as will ap- R 8 

pear by divi- Narr 

ding 1, by. m wed 1 8 

51 to 2 | +; bs, 

* An SC. oe f : , 
2. 4722 
Or if Bd be a; —— 
taken beyond 5 ui 2 


B; then as Ad _ &c. 99999 
2 1 ; Fg 
AB=1, or as m 4 1 to , ſo is . D to 


dh, which is therefore equal to m + 1D ; 
that i is (as will appear by like dividing of 1 by 


= — 4 — 4 — 
* m ＋ I; * n i 1 8 Sec. of - 
12. Let ſuch ordinate'# h, or (equal to it 
bed N Je Gy AF, be {ſo divided in 
erpengiculars F 
Hh pertola i , 45 „ Sc: ) as that 


V0! 


EQ 5B coat 
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3 
N be as m, mm, m &c. That is, ſo con- 
tinually decreaſing, as that each Antecedent 


be to its Conſequent, as 1 to m, or as m to 
1. See Fig. 5. Tab. F. 

13. This is done by taking AF, AL, AN, 
&c. in ſuch proportion. For, of continual 
Proportionals, the differences are alſo conti- 
nually proportional, and in the ſame propor- 
tion. For let A, B, C, D, & c. be ſuch Propor- 
tionals, and their Differences 4, b, c, &c. That 
is A- B, B—-C=b, C- D, Sc, Cc. 


Then, becauſe A, B, C, D, &c. are in con- 
tinual proport. 


That is A. B:: B. C:: C. D:: &c. 

And dividing AB. B:: B— C. C:: C- D. 
D :: &. 

That is 4. B:: b. C:: d. D:: &c. 


And alternly 4. b. c. &c. :: B. C. D. &c.:: 
A. B. C. &c. 2 

That is, in continual proportion as A to 
B, or as m tO 1. 


14. This being done; the Hyperbolick 
Spaces FI, Lm, Mn, &c. are equal. As is 
demonſtrated by Gregory San-Vincent ; and as 
ſuch is commonly admitted. | 
15. So that Fl, Lm, Mn, &c. may fit] 
repreſent equal Times, in which are diſ- 
patched unequal Lengths, repreſented by FL, 
LM, MN, &c. . 

16. And becauſe they are in Number infi- 
nite (though equal to a finite Magnitude) 
the Duration is infinite : And conſequently 
the impreſſed Force, _ Motion thence ari- 


ſing, 
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ſing, never to be wholly extinguiſhed (without 
ſome further Impediment) but perpetually ap- 
proaching to A, in the Nature of Aſym- 
meotes..-.. | 

17. The Spaces Fl, Fm, Fn, &c. are there- 
fore as Logarithms (in Arithmetical Progreſ- 
fon increaſing) anſwering to the Lines A E, 
AL, AM, Cc. or to FL, LM, MN, 
Cc. in Geometrical Progreſſion decreaſing. 
18. Becauſe FL, L M, MN, &c. are as 
1 ( q rx a 
un, mm, m, Cc. (infinitely) terminated at 
A; therefore (by © 10) their Aggregate FA 
or dh, is to D H, (fo much Length as would 
have been diſpatched, in 'the ſame time, by 
ſuch impreſſed Force undiminiſhed) as 1 to 
mM [In. 

19. If therefore we take, as 1 ton, fo AF 
to PH; this will repreſent the Length to be 
diſpatched, in the ſame time, by ſuch undi- 
miniſhed Force. 

20. And if ſuch D be ſuppoſed to he di- 
vided into equal Parts innumerable (and there- 
fore infinitely ſmall ;) theſe anſwer to thoſe 
(as many) Parts unequal in F A, or h d. 

21. But, what is the Proportion of r to 1, - 
or (which depends on it) of 1— » to t, or 
1 to m; remains to be inquired by Experi- 
ment. * | | 
22. If the Progreſſion be nat infinitely con- 
tinued ; but end (ſuppoſe) at N, and its 
leaſt Term be A:= M N; then, out of 
= Ge is to be ſub- 
ducted pork as at J 10) that is (as by Divi- 

Is i hoo Das ion 
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: A 1 f 
ſion will appear) * 65 ＋ Ce. That is 
a 4 F 
2 =; 1 — ha Cc. 
D- 1 
m mm 


(in our preſent Caſe) + 


And ſo the Aggregate will be 

1=—=4 —4 | 
＋ -y G 7 "MB 

And thus as to the Line of Projection, in 
which (ſecluding the Reſiſtance,) the Motion 
is reputed uniform; diſpatching equal Lengths 
in equal Times. Confider we next the Line 
of Deſcent. | 
23. Ia the Deſceat of Heavy Bodies, it is 
ſuppoſed that to each Moment of Time, there 
is ſuperadded a new Impulſe of Gravity to 
what was before : And each of theſe, ſeclu- 
ding the Conſideration of the Air's Reſiſtance, 
to proceed equally (from their ſeveral begin- 
nings) through the ſucceeding Moments. As 
(in the erect Lines) 1111 C. 111 
G. 11 Oc. t &c. and ſo continu- 1 
ally as in the Line of Projection. I 
24. Hence ariſeth (in the tranſ- 1 
verſe Lines) for the firſt Moment 1 
1, for the ſecond 1 t, for the &c. 
third i + 1-1, and ſo forth, in 
Arithmetical Progreſſion : As are the Ordi- 
nates in a Triangle, at equal diſtance. 

25.. And ſuch are the continual Increments 
of the Diameter, or of the Ordinates in the 
exterior Parabola, anſwering to the interior 
Ordinates, or Segments of the Tangent, e- 
qually increaſing ; as is known, and com- 
monly admitted. ' | 


= 3 26, If 
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26. If we take in the Conſideration of the 
Air's Reſiſtence ; we are then for each of theſe 
equal Progreſſions, to ſubſtitute a decreaſin 
Progreſſion Geometrical ; in like manner (an 
for the ſame Reaſons) as in the Line of Pro 
jection. | 

27. Hence ariſeth, for the S 
firſt Moment m; for the ſe- — 

L 1 

cond m oF m; for the third =, 
4 20 n me m 
mu fn &c. And ſuch 2. ; 2. £ 
is therefore the Deſcent of n 
a heavy Body falling by its 

own weight. The ſeveral Impulſes of Gra- 
vity being ſuppoſed equal. 

28. That is (in the Figure of J 12) as FL, 
FM, FN, &c. in the Line of Deſcent, an- 
ſwering to FIL, LM, MN, &c. in the Line 
of Projection. 5 

29. But thougli the Progreſſions for the 
Line of Projection, are like to each of thoſe 
many in the Line of Deſcent; it is not to be 


thence inferred, that therefore ” in the one, 
is equal to 1 in the other: But in the Line of 
Projection ( ſuppoſe) — f (ſuch a Part of the 
Force impreſled, and a Celerity anſiverable:) ' 
in the Line of Deſcent, —g \uch a Part of 


the Impulſe of Gravity. | 

30. Thoſe for the Line of Deſcent (of the 
ſame Body). are all equal, each to other : Be- 
cauſe g (the new Impulſe of Gravity) in each 
Moment is ſuppoſed to be the ſame. 


1 
mn 
L 


1 
Mm 


31. But 


t 
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31. But what is the Proportion of f to g 
(that of the Force impreſſed, to the Impulſe 
of Gravity in each Body) remains to be inqui- 
red by Experiment. | 

32. This Proportion being found as to one 
known Force ; the ſame is thence known as to 
any other Force (who's Proportion to this is 
given) in the ſame uniform Medium. 

33. And this being known as to one Medi- 
um; the ſame is thence known as to any other 
Medium, the Proportion of whoſe Reſiſtance 
to that of this is known. | 

34. If a heavy Body be projected downward 
in a perpendicular Line ʒit deſcends therefore at 


the Rate m, mm, m, &c. of F (the impreſ- 


41 <3 4 2 
ſed Force, increaſed by m, m m, m mn 
Am) &c. of g the Impulſe of Gravity, (by 
T 7. and © 27.) Becauſe both Forces are here 
united. 
35- If in a perpendicular Projection up- 
wards ; it aſcends in the rate of the former, 


abated by that of the latter. Becauſe here 


the Impulſe of Gravity is contrary to the Force 
impreſſed. 

36. When therefore this latter (continu- 
ally increaſing) becomes equal to that former 
(continually decreaſing) it then ceaſeth to 
aſcend ; and doth thenceforth deſcend at the 
rate wherein the latter continually exceeds 
the former. pre Ms 

37. In an Horizontal, or Oblique Proje- 
Aion : If to a Tangent, whoſe Increments are 


as FL, LM, MN, Cc. that is 285 F, &c. be 


fitted Ordinates (at a given Angle) whoſe 
2 3 Incre- 
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Increments are as FL, FM, FN, &c. that 
is, as = gy Cc. The Curve anſwering to the 
Compound of theſe Motions, is that where- 
in the Project is to move. 

38. This Curve 3 hitherto without a 


Name) may be called Linea Projectorum; the 
Line of Projects, or things projected; which 
reſembles a Parabola deformed. 

39. The Celerity and Tendency, as to each 
Point of this Line, is determined by a Tangent 
at that Point. | | 

40. And that againſt which it makes the 
greateſt Stroke or Percuſſion, is that which 
(at that Point) is at right Angles to that Tan- 

ent. | 

k 41. If the Projection (at © 27.) be not in- 
fnitely continued, but terminate (ſuppoſe) at 
N, ſo that the laſt Term in the firſt Column 
or Series erect be 4; and conſequently in the 
ſecond, m a; in the third, * m a, &c. (each 
Series having one Term fewer than that be. 
fore it:) then (for the ſame Reaſons as at 4 
22.) the Aggregates of the ſeveral Columns 
(or erect Series) will be =_— — 


Ht 
22, and ſo forth, till (che Multiple of 


2 1 
@ becoming 1) the Progreſſion expire. 

42. Now all the Abatements here, 4, mn 4, 
mm 4, Cc. are the ſame with the Terms ot 
the firſt Column taken backward. For 1s 
the laſt, m 4 the next before it; and ſo of 
the reſt. | 


43+ And 
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43. And the Aggregate of all the Numera- 
tors is ſo many times 1, as is the Number of 
Terms (ſuppoſe :,) wanting the firſt Column; 


1 t — 124 


» ** » . 
that 1s p—, or ; and this again 


divided by the common Denominator », be- 


nt — 1 4 1-1 
comes — And therefore — 
AN 2 


2, is the Line of Deſcent by its own Gra- 
vity. 

44. If therefore this be added to a projet- 
ing Force downward in a Perpendicular; or 
ſubducted from ſuch projecting Force up- 


. = 7. The De- 


ward; that is, to or from 


ſcent in the firſt Caſe will be ; Av uy 
H 


nt—1-\| 4 


; and the Aſcent in the other caſe 


HR 
124. 1t— 1 4 1 
7c. And in this latter 
H nn 


Caſe, when the ablative Part becomes equal 
to the politive Part, the Aſcent is at the high- 
eſt; and thenceforth (the ablative Part ex- 
ceeding the poſitive) it will deſcend. 

45. In an Horizontal or Oblique Projectlon; 


fin the Line of Projection, 


having taken 


7 
t—1F 
and thence (at the Angle given) JE Jem — 


gin the Line of Deſcent; the Point in the Curve 
anſwering to theſe, is the Place of the Proje& 
anſwering to that Moment. 


Z 4 46. | 


© — 
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46. I am aware of ſome Objections to be 
made, whether to ſome Points of the Proceſs, 
or to ſome of the Suppoſitions. But I ſaw not 
well how to wave it, without making the Com- 
putation much more perplex'd. And in a 
Matter ſo nice, and which muſt depend upon 
Phyſical Obſervations, *twill be hard to attain 
ſuch Accuracy, as not to ſtand in need of ſome 
Allowances. 

47 Somewhat might have been farther ad- 
ded to direct the Experiments ſuggeſted at © 
21, and 31. But that may be done at leiſure, 
after deliberation had, which way to attempt 
the Experiment. | 

48. The like is to be ſaid of the different 
reſiſtance which different Bodies may meet 
with in the ſame Medium, according to their 
different Gravities (extenſively or intenſively 
conſidered) and their- different Figures and 
Poſitions in Motion. Whereof we have hi- 
therto taken no account ; but ſuppoſed them, 
as to all theſe, to be alike and equal. 


Poſt-ſcript. 


49. The Computation in J 41, 42, 43, may 
Gf that be alſo deſired) be thus repreſented by 
Lines and Spaces. The Ablatives a, m a, 
m m 4, &c. (being the ſame with the firſt Co- 
lumn taken backward) are fitly repreſented 
by the Segments of NF (beginning at A?) in 
Figure 5. and 6. and therefore by Parallelo- 


. on theſe Baſes, aſſuming the common 
height of Fh, or V; the Aggregate of 
which is Nh, or FO. And, ſo many times 
it, by ſo many equal Spaces, on the ſame or 
; | ode les, 
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ſes, between the ſame Parallels, terminated at 
the Hyperbola: The Aggregate of which is 
h FN n. From whence if we ſubduct the 
Aggregate of Ablatives F; the remaining 
trilinear H N, repreſents the Deſcent. g 

50. If to this of Gravity, be joined a pro- 
jecting Force; which is to the Impulſe of 
Gravity as þ X to h F (be it greater, leſs, or 
equal) taken in the ſame Line; the ſame Pa- 
rallels determine proportional Parallelograms, 
whoſe Aggregate is X 2 

51. And therefore if this be a perpendicu- 
lar Projection downwards; then h X k » (the 
Sum of this with the former) repreſents the 
Deſcent. 

42. If it he a Perpendicular upwards ; 
then the difference of theſe two repreſents the 
Motion; which ſo long as K © 1s the grea- 
ter, is Aſcendent; but Deſcendent, when 
52x becomes greater; and it is then at the 
higheſt when they be equal. 

53. If the Projection be not in the ſame 
Perpendicular, (but Horizontal, or Oblique) 
then K © repreſents the Tangent of the 
Curve; and h © n the Ordinates to that 
Tangent, at the given Angle. 

54. But thg Computation before given, I 
take to be of better uſe than this Repreſen- 
tation in Figure. Becauſe in ſuch Mathema- 
tical Enquirics, I chuſe to ſeparate (as much 
as may be ) what purely concerns Propor- 
tions; and conſider it abſtractly from Lines, 
or other Matter wherewith it is incumbe- 
red. 


As 
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As to the Queſtion propoſed ; whether the 
reſiſtance of the Medium do not always take 
off ſuch a proportional part of the Force mo- 
ving through it, as is the ſpecifick Gravity of 
the Medium to that of the Body moved in it : 
(for, if fo, it will ſave us the trouble of Ob- 
ſervation.) 

I thiak this can by no means be admitted. 
For there be many other things of Conſidera- 
tion herein, beſide the intenſive Gravity (or, 
as ſome call it; the ſpecifick Gravity) of the 
Medium. 

A viſcous Medium ſhall more reſiſt, than 
one more fluid, though of like intenſive Gra- 
vity. 
| And a ſharp Arrow ſhall bore his way more 
eaſily through the Medium, than a blunt- 
headed Bolt, though of equal Weight, and 
like intenſive Gravity. - - | 

And the ſame Pyramid with the Point, than 
with the Baſe forward. 

And many other like Varieties, intended 
in my © 48. 

But this T think may be admitted, namely, 
That different Mediums, equally liquid, (and 
other Circumſtances alike,) do in ſuch propor- 
tion reſiſt, as is their intenſive Gravity. Be- 
cauſe there is, in ſuch proportion, a heavier 
Object to be removed, by the ſame Force. 
Which is one of the things to which J 33 
refers. 15 

And again: The heavier Project once in 
Motion, (being equally ſwift, and all other 
Circumſtances alike) moves through the ſame 
Medium in ſuch proportion more ſtrongly, as 
is its intenſive Gravity. For now the Force 

| i5 


. 
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is in ſuch proportion greater, for the remo- 
val of the ſame reſiſtance. And this Part of 
what my © 32 inſinuates. | 

But where there is a Complication of theſe 
Conſiderations one with another, and with 
many other Circumſtances, whereof each is 
ſeverally to be conſidered ; there muſt be re- 
ſpect had to all of them. 


4 * 
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An Inſtance of the Excellence of the 
Modern Algebra, in the Ryſolu- 
tion of the Problem of finding the 
Foci of Optick Glaſſes uni ver ſally. 
By E. Halley, S. R.S. 


H E Excellence of the Modern Geometry 
is in nothing more evident, than in 
thoſe full and adequate Solutions it gives to 
Problems ; repreſenting all the poſlible Caſes 
at one view, and in one general Theorem, 
many times comprehending whole Sciences; 
which deduced at length into Propoſitions, 
and demonſtrated after the manner of the 
Ancients, might well become the Subjects of 
large Treatiſes: For whatſoever Theorem 
ſolves the moſt complicated Problem of the 
kind, does with a due Reduction reach all the 
ſubordinate Caſes. Of this I now deſign to 
give a notable Inſtance in the Doctrine of 
Dioptrickę. 
This Dioptrick Problem is that of finding 


the Focus of any ſort of Lens, expoſed either 


to converging, diverging, or parallel Rays of 
Light, proceeding from, or tending to a gi- 
ven Point in the Axis of the Lens, be the Ra- 
tio of Refraction what it will, according to the 
Nature of the tranſparent Material whereof 
the Lens is formed, and alſo with allowance 
for the thickneſs of the Zens between the Ver- 

Fices 
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tices of the two Spherical Segments. This 
Problem being ſolved in one Caſe, mutatis mu- 
tand:s,will exhibit Theorems for all the poſſi- 
ble Caſes, whether the Lens be Double-Con- 
vex or Double-Concave, Plano-Convex, or Plano- 
Concave,or Convexo-Concave,which ſort are uſu- 
ally called Meniſci. But this is only to be under- 
ſtood of thoſe Beams which are neareſt to the 
Axis of the Lens, ſo as to occaſion no ſenſible 
difference by their Inclination thereto z and 
the Focus here formed, is by Dioptrick Writers 
commonly called the principal Focus, being 
that of uſe in Teleſcopes and Microſcopes. 

Let then (in Fig.7. Tab. 5.) BEB be a double 
Convex Lens, C the Center of the Segment 
EB, and K the Center of the Segment EF, 
Bg the thickneſs of the Lens, D a Point in the 
Axis of the Lens; and it js required to find the 
Point F, at which the Beams proceeding from 
the Point D, are collected therein, the Ratio 
of Refraction being as m to ». Let the di- 
ſtance of the Object DB DAA (the Point 
A being ſuppoſed the ſame with B, but taken 
at a diſtance therefrom, to prevent the coin- 
cidence of ſo many Lines) the Radius of the 
Segment towards the Object CB or CA, 
and the Radius of the Segment from the Ob- 
jet KB or Ke=2; and let BB the thickneſs of 
the Lens be t, and then let the Sine of the 
Angle of Incidence DAG be to the Sine of the 
refracted Angle HAG or CAs as n to n: And 
in very ſmall Angles, the Angles themſelves 
will be in the ſame proportion; whence it will 
follow that, 

As d tor, ſo the Angle at C to the Angle 
at D, and di will be as the Angle of — 

dence 


352 Miſcellanea Curioſa. 

dence GAD; and again as m to #, ſo de to 
_— which will be as the Angle GAH 
CA#, This being taken from ACD which is 


as d, will leave 5 — analogous to the 
Angle Ae D; and the Sides being in this Caſe 
ional to the Angles they ſubtend, it 
will follow, that as the Angle A#D is to the 
Angle ADs, ſo is the Side AD or BD = Ap 
f a mad vr 
or By: That is, Be will be = = r, 
which ſhews in in what Point the Beams pro- 
ceeding from D, would be collected by means 
of the firſt Refraction; but if »r cannot be 
fubſtrated from mud, it follows that the 
Beams after Refraction do ſtill paſs on diverg- 
ing, and the Point e is on the ſame ſide of the 
Lens beyond D. But if ar be equal to 
m—nd, then they proceed parallel to the 
Axis, and the Point 9 is infinitely diſtant. 


The Point e being found as before, and 
B #—=B being given, which we will call 9, it 
follows by a Proceſs like the former, that pF, 
or the focal Diſtance ſought, is equal to 
— 4. == f. And in the room of & 


m f me 


ſabſtituting Bo—BB = ————— —t, put- 


ting p for — — after due Reduction this fol- 
lowing Equation will ariſe, 
mpdre—udethupret a f 
mid'r\mdgm"mprem=m-udi\nre © 
SI W hich 
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Which Theorem, however it may ſeem ope- 
roſe, is not ſo, conſidering the great Num- 
ber of Data that enter the Queſtion; and that 
one half of the Terms ariſe from our takin 

in the thickneſs of the Lens, which in mo 

Caſes can produce no great Effect; however 
it was neceſſary to conſider it, to make our 
Rule perfect. If therefore the Lens conſiſt of 
Glaſs, — 2 is as 3 to 2 'twill be 

Gdre—2aet aret  _ 
34 x73 40-—=Cre—er Tir? = f. If of Wa- 
ter, whoſe Refraction - as 4 to 3 be md 
| 12 dre—Z deere 
will ſtand rbus f = ITT 
= f. If it could be made of Diamant, whoſe 
Refraction is as 5 to 2, it would be 
arr—2d4ptTFree 

S447 48495, == 2's 8 
And this is the univerſal Rule for the Foc: of 
double Convex Glaſſes expoſed to diverging 
Rays. But if the thickneſs of the Lens be re- 
jected as not ſenſible, the Rule will be much 


f r ; 
ſhorter, VIZ. e * . or in Glaſs 
Tt = LAND 222 F. all the Terms wherein 
t is found being omitted, as equal to nothing. 
In this Caſe, if 4 be ſo ſmall, as that 2 e 
exceed dri de, then will it be - 5, or the 
Focus will be Negative, which ſhews that the 
Beams after both Refractions ſtill proceed di- 
verging. 


To bring this to the other Caſes, as of cou- 
verging Beams, or of Concave * _ 
| h ule 


— — 
—— * 
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Rule is ever compoſed of the ſame Terms, 
only changing the Signs of H and —; for the 
-diſtance of the Point of Concourſe of conver- 
ging Beams, from the Point B, or the firſt 
Surface of the Lens, I gall a negative diſtance 
or — 4; and the Radius of a Concave Lens I call 
a negative Radius, or — r if it be the firſt 
Surface, and —e, if it be the ſecond Surface. 
Let then converging Beams fall on a double 
Convex of Glaſs, and the Theorem will ſtand 


thus — 7 2 - 2 ＋ = f, which ſhews that 


in this Caſe the Focus is always affirmative. 

If the Lens were a Meniſcus of Glaſs, ex- 
poſed to diverging. Beams, the Rule is 
ES whichis affirmative when 
2 7 e is leſs than dr —4d ę, otherwiſe negative: 
But in the Caſe of converging * falling on 

Deen Adr 

the ſame Meniſcus, twill be e 6-42 - ws 
and it will be - , whilſt 4% - Ar is leſs than 
zrez but if it be greater than 21, it will 
always be found negative or — f. If the Lens 
be double Concave, the Focus of converging 
Beams is negative, where it was affirmative in 
the Caſe of diverging Beams on a double Con- 
vex; vx. I _ — = f, which is af- 
6rmative only when 2 re exceeds dr -Fde: 
Bat diverging Beams paſſing a double Con- 
cave, have always a negative Focus, vix. 


_ 2 — ff 
xd rid et2y e- © 


The 
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+ The Theorems for converging Beams, are 
principally of uſe to determine the Focus re- 
ſulting from any ſort of Lens placed in a Te- 
leſcope, between the Focus of the Object- glaſs 
and the Glaſs it ſelf-; the diſtance between 
the ſaid Focus of the Ohject-glaſs, and the 
interſpoſed Lens being made =—4. 


U here ſuppoſe my Reader acquainted with 


the Rules of Analytical Multiplication and 
Diviſion, as that / multiplied by -f makes 
the Product , A by = makes —, and — by 
—makes , ſo dividing -Þ by + makes the 
Quote , -|- by — makes, and — by — makes 


A which will be neceſſary to be underſtood 


in the preceding Examples. $ 

In caſe the Beams are parallel, as —— 
from an infinite diſtance, (which is ſuppoſe 
in the Caſe of Teleſcopes) then will 4 be 
ſuppoſed Infinite, aud in the Theorem 


3 OP Er 
Tr tare the Term pr e vaniſhes, as 
being finite, which is no part of the other in- 
finite Terms ; and dividing the remainder by 
the infinite Part 4, the Theorem will ſtand 
eee 2r0 
thus * ft, or in Glaſs, ie ==f. 
In caſe the Zens were Hons expoſed 
OTE f __pder 
to diverging Beams, inſtead of ;— SET 
OT no OP 2 a | 
being inſinite, it will be — — = F, or 


— if the Lens be Glaſs. 


If the Lens be Double-Conves, ander be 
equal to e, as being formed of Segments of 
Aa equal 
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Aer [ 
| de—=pre 


equal Spheres, oy will T 


reduced to Nw =P and in caſe d be infie - 


nite, then it will yet be farther contracted to 
+ pr, and p being = — the focal diſtance 


in Glaſs will be r, in Water 1 ; 7, but in 
Diamant 7. 

am ſenſible that theſe Examples are too 
much for the compleat Analyſt, though I fear 
too little for the leſs Skilful; it being very 
hard, if poſſible, in ſuch Matters, ſo to write 
as to give ſatisfaction to both; or to pleaſe 
the one, and inſtruct the other. But this 
may ſuffice to ſhew the extent of our Theo- 
rem, and how eaſie a Reduction adapts any 
one caſe to all the reſt. 

Nor is this only uſeful to diſcover the Focus 
from the other propoſed data, but from the Focus 
given, we may thereby determine the diſtance 
of the Object; or from the Foca. and Diſtance 


given, we may find of what Sphere it is requi- 


ſite to take another Segment, to make any 
given Segment of another Sphere caſt the 
Beams from the diſtance d to the Focus f. As 
likewiſe from the Lens, Focus, and Diſtance 
given, to find the Ratio of Refraction, or of 
m to u, requiſite to anſwer thoſe Data. All 
which It is obvious, are fully determined from 
the Equation we have hitherto uſed , viz. 
pder=drftTdef—pref, for to find 4 


, 1 
the Theorem is 28 ITO == &, the 
diſtance of the Object. 


For 


F „ as eacEES EE SEES 
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5 dr f + 8 
Pore the Re Bp art d fff fe 
X r ® + jel TR 
But for p will be Te, 9 which 
latter determines the Ratio of Refraction, m 
being to n as 1 to p. 4 
I ſhall not expatiate on theſe Particulars, but 
leave them for the Exerciſe of thoſe that are 
deſirous to be informed in Optical Matters, 
which I am bold to = are comprehended in 
theſe three Rules, as fally as the moſt Inqui- 
ſitive can deſire them, and in all poſſible Ca- 
ſes; regard being had to the Signs and —, 
as in the former Caſes of finding the Focus. 
I ſhall only ſhew two conſiderable Uſes of 
them; the one to find the diſtance whereat an 
Object being placed, ſhall by a given Lens be 
repreſented in a Species as large as the Object 


it ſelf, which may be of ſingular Uſe in draw- 


ing Faces, and other things in their true 


Magnitude, by tranſmitting the Species by a 


Glaſs into a dark Room, which will not only 
ive the true Figure and Shades, but even the 
lours themſelves, almoſt as vivid as the 


Life. In this Caſe d is equal to 7, and ſub- 


ſtituting 4 for F in the Equation, we ſhall 


have pd reazddr Adder Ader, and di- 
viding all by d. pre dT de pr e, that is, 


. ==d ; but if the two Convexities be of 
the ſame Sphere ſo a#r © 8, then will the di- 
ſtance be pr; that is, if the Lens be Glaſs 
=2 7, ſo that if 


the Focus will be as far within as the Object is 
Aa 2 Withe 


an Object be placed at the 
Diameter of the Sphere diſtant, in this Caſe 


— — 
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without, and the Species repreſented thereby 
will be as big as the Life; but if it were a Pla- 
no-Convex, the ſame diſtance will be=2 p r, 
or in Glaſs to four times the Radius of the 
Convexity but of this Method I may enter- 
tain the Curious at ſome other Time, 
and ſhew how to magnifie or diminiſh an Ob- 


ject in any proportion aſlign'd, (which yet will 


be obvious enough from what is here delive- 
red) as likewiſe how to ere& the Object which 
in this Method is repreſented inverted. 


A ſecond Uſe is to find what Convexity or 
Concavity is required, to make a vaſtly di- 
ſtant Object be repreſented at a given Focus, . 
after the one Surface of the Lens is formed; 
which is but a Corallary of our Theorem for 
finding e, having p, 4, r and F given; for 4 


being infinite, that Rule becomes 


gf 


be greater than'2 », becomes Negative, and 


— . y is the Radius of the Concave ſought. 


"Thoſe that are wholly. to begin with this 


Dioptrical Science, cannot do better than to 
read with Attention à late Treatiſe of Diop- 


tricks, publiſhed by N. Jelineux, Eſq; R. S. S. 


who has at large ſhewn the Nature of Optick 
Glaſſes, and the Conſtruction and Uſe of Mi- 
croſcopes and Teleſcopes ; and though ſome 

nicely Critical have endeayoured to ſpy Faults, - 
and to traduce the Book; yet having long 


lde Kamin it wich Care, Laffirm, that if 
dut two things. that with 


2 4k 


n judge, Harm. Any 


* 4 
«1317 EA 


Fre 
that is in Glaſs . e, whence if f be 


* 
; 
? 
j 
$ 
J 


WD 


* N. 


r — — —  — - — — — 


E 
. 
1 
\ 
* | 


7 


— 
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—— 
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any Colour my be call'd Faults ;, the one, an 
over- careful acknowledgment of every Trifle 
the Author had receiv'd from others; and 
the other, that he labours to make eaſie this 
curious Subject, ſo little underſtood by moſt, 
in a manner perhaps too familiar for the Lear- 
ned Critick, and which demonſtrates that it 
was writ cum animo docendi, both which re- 


quire but very little Friendſhip or good Na- 
ture in the Reader, to paſs for Vertues in an 


Author. 


But to return to our firſt Theorem, which 


accounting for the thickneſs of the Lens, we 
will here again reſume, vix. 


eee eee e I ſes 
mdr-mde—mpre-m-ndrinre J. 


And let it be required to find the Focus 
where a whole Sphere will collect the Beams 
proceeding from an Object at the diſtance d: 
Here t is equal to 27 and r = e. And after 
due Reduction, the Theorem will ſtand thus, 


, bur if d be 


2 1d 2nr —mpr | 
Infmite, it is contracted to — — . = 
| 1 ; 


2 N55 018 
2 n 2 


meter of the Sphere without it, and a Sphere 
of Water at a whole Semi-diameter. But if 
the Ratio of Refraction m to x be as 2 to 1, 
the Focus falls on the oppolite Surface. of the 
Sphere; but if it be of greater Inequality it 
falls within. K Ano- 


% 


S , wherefore a Sphere of Glaſs 
collects the Sun- Beams at half the Semi-dia- 


— Er 
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Another Example ſhall be when a Hemi- 
ſphere is expoſed ta parallel Rays, that is, 4 
and e being infinite, and : r, and after due 
Reduction the Theorem reſults . 
$82? Be m m — mn 
F. That is, in Glaſs it is at 5 r, in Water at 
Zr; but if the Hemiſphere were Diamant, it 
would collect the Beams at .; of the Radius 
beyond the Center. 

Laſtly, As to the Effect of turning the two 
ſides of a Lens towards an Objea ; it is evi- 
deat, that if-the thickneſs of the Zens be very 
ſmall, ſo as that you 1 It, or account 
t = ©; then in all Caſes the Focus of the ſame 
Lens, to whatſoever Beams; will be the ſame, 
withont-any difference upon the turning the 
Lens: But if you are ſo curious as to conſider / 
the thickneſs, - (which is ſeldom worth ac- 
counting for) in the Caſe of 2 Rays 
falling on a Plano- Conve x of Glaſs, if the plain 
fide be towards the Object, r does occaſion no 
difference, but the focal diſtance f= 2 r. But 
when the Convex-ſide is towards the Object, 
it as contracted 'to-2+ — 2 t, ſo that the Focus 
is nearer by 3} t. If the Lens be double Con- 


matiye, is.this JF 2 =» for double _ 
Cottrexes of differing Spheres. © But for 
| 5 Meniſci 
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Meniſci the ſame diftererce, becomes | 
e ; of which I need give no other 
Demonſtration, but that by a due Reduction 

it will fo follow from what is premiſed, as | 
will the Theorems for all ſorts of Problems re- ö 
jating to the Foci of Optick Glaſſes. ot 


FINIS. 


ADVERTISEMENT. 
For the Advancement of Nataral Philoſophy 


ana Aſtronomy, 


S well as for the Benefit of all ſuch Curious 
and Inquiſitive Gentlemen, as are wil- 
ling to lay the beſt and ſureſt Foundation for 
all uſeful 3 | 
There is provided a convenient large Room 
furniſhed with all ſorts of Inſtraments; as En- 
gines for rarefying and condenfing Air, with 
all their Appurtenences, according to the-Im- 
provement made by Mr. Hauksby, with Uten- 
ſils for making Hydroſtatical Experiments. 
Teleſcopes of a convenient Length, with 
good Micrometers adapted to them : Alf 
Quadrants for making Celeſtial Obſervations, 
and good Movements for meaſuring of Time. 
Microſcopes of the beſt ſort, both ſingle 
and double, with Priſms of ſeveral fizes for 


illuſtrating 


— 


> (MVSEVM 
illuſtratin the eds BAN 
ede 2 Wd Ce alle and Experi- 


mental Philoſò nomy will begin 
in Michaelmas- Term next, and continue week- 
ly till the whole be done. By James Hods ſon, 
F. R. 8. 29 

And towards the defraying and compenſa- 
ting ſo chargeable and laborious an Underta- 
king, it is propoſed, That every Gentleman 
that intends to benefit by it, ſhall pay Two 
Guinea's; one at the time of Subſcription, the 
other as ſhall-be judged moſt convenient. 

Propoſals more at large, and the Engines 
for rareping and condenſing Air, with the 
Utenſils for making the Hydroſtatical Expe- 
riments, may be ſeen at Mr. Hauksby's,in Gilt- 
ſpur-ſtreet without Newgate, where Subſcrt- 
ptions are taken in. 


f Light and 


New Pair of Globes, 12 Inches in Dia- 

meter; the Terreſtrial is according to 
the neweſt Diſcovenes and accurate Obſerva- 
tions that have been made, adorned with an 
uſeful View of theGeneral and Coaſting Trade 
Winds, Monſoons, &c. 

The Celeſtial is according to the Catalogue 
of that Celebrated Aſtronomer J. Hevelius, 
Conſul of Dantzick; its Conſtellations are cu- 
riouſly engraven, and the Magnitude of the 
Stars are eaſily diſtinguiſhed, with 16 new 
Conſtellations never before printed upon any 


_ Globe. Sold by John Senex in Hemlock-Court, 


near Temple-Bar, and Charles Price, next the 
Fleece-T avern in Cornhill. |; 


1 — th... i» 6 


